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Street, London, E.C. ; and Eastdene, St. James' Road, Sutton, Surrey.

[Drilling, London.]

1867. Amos, James Chapman, Rose Cottage, Fairfax Road, Teddington, S.O.,
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Ship Co., 266 Bluff, Yokohama, Japan.
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1895. Bennion, Charles, Messrs. Pearson and Bennion, Union Works, Leicester;
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Leicester. 103.]
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1884. Bika, Le'on Joseph, Locomotive Engineer-in-Chief, Belgian State Railway,

29 Rue des Palais, Bruxelles, Belgium.

1888. Billinton, Robert John, Locomotive Superintendent, London Brighton and

South Coast Railway, Brighton.

1890. Bingham, Charles Henry, Messrs. Walker and Hall, Electro Works,

Howard Street, Sheffield. \_Bingha'm., Sheffield.']

1887. Binnie, Alexander Richardson, Engineer, London County Council, Spring

Gardens, London, S.W. ; and 77 Ladbroke Grove, Netting Hill,

London, W.

1877. Birch, Robert William Peregrine, 5 Queen Anne's Gate, Westminster,

S.W.

1891. Bird, George, Messrs. James Bartle and Co., Western Iron Works, Notting

Hill, London, W.

1880. Bii-kett, Herbert, 91 Victoria Street, Westminster, S.W.

1896. Black, Peter Blair, 185 Palmerston Buildings, Old Broad Street, London,

E.C. [^Blackness, London.l

1879. Black, William, 1 Lovaine Place, Newcastle-on-Tyne.

1891. Black, William, Eaglescliffe, Newport Road, Cardiff.

1891. Blackburn, Arthur Henry, Fuel Economizer Co., Matteawan, New York,

United States.

1891. Blackburn, George William, Messrs. T. Green and Son, Smithfield Iron

Works, Leeds.

1890. Blackburn, John, Resident Engineer, Colne Valley Water Works, Bushey,

Watford.

1862. Blake, Henry Wollaston, F.R.S., 8 Devonshire Place, London, W.
1886. Blandford, Thomas, Corbridge, R.S.O., Northumberland.

1881. Blechynden, Alfred, Messrs. John Penn and Sons, Greenwich, London, S.E.

1892. Blechynden, John, General Manager, Shanghai Engineering, Shipbuilding

and Dock Company, Shanghai, China. ISteam, Shanghai.]

1867. Bleckly, John James, Bewsey Iron Works, Warrington ; and Daresbury

Lodge, Altrincham.



XVI MEMBEBS. 1896.

1882. Bluudstone, Samuel Richardson, Catherine Chambers, 8 Catherine Street,

Strand, London, "W.C.

1884. Bocquet, Harry Claude, Llanwye, Hampton Park, Hereford.

1863. Boeddinghaus, Julius, Electrotechniker, Diisseldorf, Germany.

1895. Bond, George Creswell, Newcastle Chambers, Nottingham. IBonds,

Nottingham. 441.]

1884. Bone, WiUiam Lockhart, Works of the Ant and Bee, West Gorton,

Manchester.

1895. Boorman, Joseph Ashworth, Messrs. Greenwood and Batley, Albion Works,

Leeds.

1892. Booth, John William, Union Foundry, Eodley, near Leeds.

1890. Booth, Robert, Messrs. Booth and Ravenshaw, 110 Cannon Street, London,

E.C.

1880. Borodin, Alexander, President, Ribinsk Railway; Demidoff pereoulok, 1,

St. Petersburg, Russia.

1888. Borrows, WiUiam, Messrs. Edward Borrows and Sons, Providence Foundry,

Sutton, St. Helen's, Lancashire.

1891. BosweU, Samuel, Messrs. Galloways, Branch Works, Ardwick,

Manchester.

1888. Boulding, Sidney, Messrs. Green and Boulding, 21 Featherstone Street,

London, E.C. [^Temperature, London.^

1886. Boult, Alfred Julius, Messrs. Boult and Wade, 111 Hatton Garden,

London, E.C. [BouU, London. 2896.]

1878. Bourdon, Fran9ois Edouard, 74 Faubourg du Temple, Paris : (or care of

Messrs. Negretti and Zambra, Holborn Viaduct, London, E.C.)

1886. Bourne, Thomas Johnstone, Imperial Chinese Railways, Tientsin, China:

(or care of Mrs. Bourne, 16 Park Road, Southborough, Tunbridge

Wells.)

1879. Bourne, William Temple, Messrs. Bourne and Grove, Bridge Steam Saw

Mills, Worcester.

1891. Bousfield, John Ebenezer, 4 South Street, Finsbury, London, E.C.

[Invention, London. 169.]

1879. Bovey, Henry Taylor, LL.D., Professor of Engineering, McGill University,

Montreal, Canada.

1880. Bow, William, Messrs, Bow McLachlan and Co., Thistle Engine Works,

Paisley. [Bow, Paisley.']

1888. Bowen, Edward (Life Member'), Locomotive and Carriage Superintendent,

Porto Alegre and New Hamburg Railway, Rio Grande do Sol, Brazil

:

(or care of Benjamin Packham, IS Upper Wellington Road, Brighton.)

1858. Bower, John Wilkes (Life Member), Meredale, Rugby Road, Leamington

Spa.

1892. Bowker, Arthur F., Engineer, Mid-KentWater Works, Snodland, S.O., Kent.
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1893. Boyd, James Tennant, Boyd's Ice Factory, Bombay, India.

1890. Boyd, John White, 6 Oswald Street, Glasgow. ISileni, Glasgoic.']

1884. Boyer, Kobert Skeffington, 46 Mount Stuart Square, Cardiff.

1882. Bradley, Frederic, Sandliills, Liverpool; Clensmore Foundry,

Kidderminster ; and Wolverley House, Southport.

1896. Bradney, Walter, Billiter Buildings, Billiter Street, London, E.G.

1878. Braithwaite, Charles C, Boreham Wood Works, Elstree, Herts. [PacMng,

Boreliam Wood.']

1875. Braithwaite, Richard Charles, Messrs. Braithwaite and Kirk, Crown

Bridge Works, Westbromwich [Braithwaite, Westhromvsich.']; and

39 Victoria Street, Westminster, S.W.

1854. Bramwell, Sir Frederick Joseph, Bart., D.C.L., LL.D., F.R.S., Messrs.

Bramwell and Harris, 5 Great George Street, Westminster, S.W.

IWellbram, London. 3060.]

1892. Brand, David JoUie, Messrs. Brand and Dryburgh, Cleveland Foundry and

Engine Works, TownsvUle, North Queensland.

1888. Bratt, Augustus Hicks Henery, Le Kueh Coal and Iron Mines, Kiangsu,

North China; Astor House, Shanghai, China: (or care of Messrs.

J. H. Bower and Co., 138 Leadenhall Street, London, E.G.) [Bratt,

Shanghai.'}

1895. Bratt, Edward Hicks Eraser, Messrs. Bratt and Gibson, Taiping, Perak,

Straits Settlements.

1885. Brearley, Benjamin J., Union Plate Glass Works, St. Helen's ; and The

Laurels, Queen's Park, St.'Helen's.

1891. Brewster, Edwin Henry George, 12 Delahay Street, Westminster, S.W.

1890. Brewster, Walter Seckford, Messrs. Beyer Peacock and Go. ; Wrentham,

Fleet Street, Carlton, near Sydney, New South Wales.

1887. Brier, Henry, Messrs. J. H. Carruthers and Co., Hamilton Street, Polmadie,

Glasgow.

1889. Briggs, Charles, care of Robert Briggs, Howden.

1881. Briggs, John Henry, Babcock and Wilcox Boiler Works, Renfrew.

1894. Brindley, George Samuel, Cliffe House, Smethwick, near Birmingham.

1895. Britten, Thomas Johnson, P.O. Box 494, Johannesburg, Transvaal, South

Africa.

1891. Broadbent, William, Messrs. Thomas Broadbent and Sons, Central Iron

Works, Huddersfield. [Broadbent, Huddersfield. 102.]

1896. Broadfoot, Andrew Wilson, Locomotive Superintendent, Great Southern

Railway, Albany, Western Australia.

1891. Brock, Cameron William Harrison, care of Roxburghe Press, 15 Victoria

Street, Westminster, S.W.

1865. Brock, Walter, Messrs. t)enny and Co., Engine Works, Dumbarton.

[Lennox, Dumbarton. 1 and 15.]
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1896. Brocklehurst, George, Bridgetown, Barbados, West Indies.

1S90. Brodie, John Alexander, 3 Cook Street, Liverpool.

1852. Brogden, f Henry {Life Member^, Hale Lodge, Altrincham, near

Manchester.

1890. Brogden, Thomas, Messrs. Appleby and Brogden, Sandside, Scarborough.

1892. Bromiley, "William J., Messrs. Dobson and Barlow, Kay Street Machine

Works, Bolton.

1892. Brooke, John Walter, Adrian Iron Works, Lowestoft.

1892. Brooke, Robert Grundy, Messrs. Holden and Brooke, St. Simon's Works,

Salford, Manchester. \_Influx, Manchester.^

1884. Brook-Fox, Frederick George, care of Messrs. Grindlay, Groom and Co.,

Bombay, India.

1880. Brophy, Michael Mary, Messrs. James Slater and Co., 251 High Holborn,

London, W.G.

1874. Brotherhood, Peter, 15 and 17 Belvedere Road, Lambeth, London,

S.E. ; and 15 Hyde Park Gardens, London, W. [^Brotherhood,

London,']

1886. Brown, Andrew, 110 Cannon Street, London, E.C. ; and Willis Road,

Erith, S.O., Kent.

1866. Brown, Andrew Betts, F.R.S.E., Messrs. Brown Brothers and Co.,

Rosebank Iron Works, Edinburgh.

1891. Brown, Arthur Mogg, P.O. Bos 491, Johannesburg, Transvaal, South

Africa.

1885. Brown, Benjamin, Widnes Foundry, Widnes.

1880. Brown, Francis Robert Fountaine, Mechanical Superintendent, Intercolonial

Railway of Canada, Moncton, New Brunswick, Canada.

1889. Brown, Lieutenant Frederick Alexander William, R.A., Inspector of

Ordnance Machinerj', The Castle, Cape Town, Cape Colony : (or 42

Fermoy Road, St. Peter's Park, London, W.)

1881. Brown, George William, Messrs. Huntley Boorne and Stevens, Reading

Tin Works, Reading. [251.]

1892. Brown, James Fiddes, 147 Woodbridge Road, Ipswich.

1884. Brown, Oswald, 32 Victoria Street, Westminster, S.W. \_Acqua, London.']

1888. Brown, William, Messrs. W. Simons and Co., London Works, Renfrew.

1892. Brown, William, Messrs. Siemens Brothers and Co., Woolwich.

1874. Browne, Tomyns Reginald, Deputy Locomotive Superintendent, East

Indian Railway, Jamalpur, Bengal, India : (or care of Mrs. Browne,

care of A. C. Brett, Mozufferpore, East Liss, Hants.)

1874. Bruce, Sir George Barclay, 3 Victoria Street, Westminster, S.W.

1889. Bruce, Robert, 30 Great St. Helen's, London, E.C. [Tangential, London.1

1867. Bruce, WUliam Duff, 17 Victoria Street, Westminster, S.W. ; and 23

Roland Gardens, South Kensington, London, S.W.
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1888. Bruff, Charles Clarke, Coalport China Co., Coalport, near Ironbrido-e,

Salop.

1873. Brunei, Henry Marc, 21 Delahay Street, "Westminster, S.W. [3024.]

1892. Brunlees, John, 12 Victoria Street, Westminster, S.W. [3215.]

1887. Brunton, Philip George, Resident Engineer, Department of Roads and
Bridges, Public Works Office, Sydney, Xew South Wales : (or care of

J. D. Brunton, 19 Great George Street, Westminster, S.W.)

1884. Bryan, William B., Engineer, East London Water Works, Lea Brido-e,

Clapton, London, N.E.

1892. Buckley, John T., Messrs. Stevenson and Co., Canal Foundry, Preston;

and 50 Poulton Street, Kirkham, near Preston.

1877. Buckley, Samuel, Messrs. Buckley and Taylor, Castle Iron Works,

Oldham.

1895. Buckley, Victor Emanuel, Managing Director, Riga Spinning and Thread
Works, Strasdenhof, Riga, Russia.

1886. Buckney, Thomas, Messrs. E. Dent and Co., 61 Strand, London, W.C.

1887. Buckton, Walter, 27 Ladbroke Square, London, W.

1896. Buckwell, George William, Board of Trade Offices, Custom House
Arcade, Liverpool.

1878. Buddicom, Harry William, Penbedw, Xannerch, near Mold.

1886. Budenberg, Christian Frederick, Messrs. Sch'affer and Budenberg,

Whitworth Street, London Road, Manchester; and Bowden Lane
Marple, Stockport. ^Manometer, Manchester. 899.]

,

iSS2, Budge, Enrique, Engineer-in-Chief, Harbour Works, Valparaiso, Chile:

(or care of Messrs. Rose-Innes Cox and Co., 4 Fenchurch Avenue
London, E.C.)

1881. Bulkley, Henry Wheeler, N.Y. Tunes Building, 41 Park Eow, New York
United States.

1884. Bullock, Joseph Howell, General Manager, Pelsall Coal and Iron Works,

near Walsall ; and Glenhurst, Lichfield Road, Walsall.

1882. Bulmer, John, Spring Garden Engineering Works, Pitt Street, Newcastle-

on-Tyue.

1891. Bumsted, Francis Dixon, Cannock Chase Foundry and Engine Works
Hednesford, near Stalford.

1884. Bunt, Thomas, Superintendent Engineer, Kiangnan Arsenal, Shanghai,

China : (or care of R. Pearce, Lanarth House, Holders Hill, Hendon
London, N.W.)

1884. Bunting, George Albert, Locomotive Superintendent, Estrada de Ferro

Recife e Sao Francisco, Pernambuco, Brazil.

1885. Burder, Walter Chapman, Messrs. Messenger and Co., Lougliborouwh.
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1891. Burgess, Francia Chassereau Boughey, OfiSce of Director General of

Eailwaj-8, Teclinical Section, Simla, India.

1894. Burke, 5Iicliael James, Locomotive and Carriage Superintendent, Morvi

Railway, Morvi, India.

1881. Bum, Robert Scott, Oak Lea, Edgeley Eoad, near Stockport.

1893. Burnes, Thomas, Fleet Engineer, R.N., H.M.S. "Ajax," Chatham.

1878. Burnett, Robert Harvey, Messrs. Beyer Peacock and Co., Gorton Foundry,

Manchester.

1878. BurreU, Charles, Jun., Messrs. Charles Burrell and Sons, St. Nicholas

Works, Thetford. [Burrell, Thetford.']

1885. Burrell, Frederick John, Messrs. Charles Burrell and Sons, St. Nicholas

Works, Thetford. [BurreU, Tlietford.']

1887. Burstal, Edward Kynaston, Messrs. Stevenson and Burstal, 38 Parliament

Street, "Westminster, S.W.

1896. Burstall, Frederic "William, Professor of Engineering. Mason Science

College, Birmingham.

1890. Burstall, Henry Robert John, 14 Old Queen Street, "V\'estminster, S."V\\

1884. Butcher, Joseph John, P. 0. Box 132, Thompsonville, Connecticut, United

States.

1882. Butler, Edmund, Kirkstall Forge, near Leeds. [Forge, Kirhstall.']

1892. Butler, Henry "Wniiam, care of F. B. Behr, 6 Old Jewry. London, E.C.

1884. Butler, Hugh Myddleton, Kirkstall Forge, near Leeds.

1891. Butler, James, Victoria Iron "Works, Halifax ; and Longfield, Halifax.

1888. Butter, Frederick Henry, Carriage Department, Royal Arsenal, Woolwich ;

and 41 Montpelier Vale, Blackheath, London, S.E.

1891. Butter, Henry Joseph, Messrs. Tannett Walker and Co., Leeds; and

Claremont, Burrage Road, Plumstead.

1894. Butterworth, Joseph, Messrs. Lancaster and Tonge, Pendleton,

Manchester.

1892. Byrne, Francis Furlong, Engineer, Harbour OflSce, Drogheda, Ireland.

[Byrne, Engineer, Drogheda.^

1887. Caiger, Emery John, Messrs. E. J. Caiger and Co., 77 Billiter Buildings,

Billiter Street, London, E.C. [Caiger, London.']

1886. Caimes, Frederick Evelyn, Bridgewater Hotel, Worsley, near

ilanchester.

1889. Callan, William, River Plate Fresh Meat Co., 2 Coleman Street, London,

E.C.

1886. Cambridge, Henry, Stuart Chambers, Mount Stuart Square, Cardiflf.
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1893. Campbell, Andrew Chisliolm, Messrs. James Campbell ami Sous, Vulcan

Engine Works, William Moult Street, Liverpool.

1877. Campbell, Angus, Logie, Mussoorie, N. W. Provinces, India.

1880. Campbell, Daniel, Messrs. Campbell, Macmaster and Co., 11 and 12

Clement's Lane, Lombard Street, London, E.C. [Duke, London. 2011.]

1869. Campbell, James, Hunslet Engine Works, Leeds. [Engineco, Leeds.']

1893. Campbell, James Alexander Miller, Messrs. James Campbell and Sons,

Vulcan Engine Works, William Moult Street, Liverpool.

1882. Campbell, John, Messrs. K. W. Deacon and Co., Kalimaas Works,

Soerabaya, Java.

1892. Campbell, William Walker, Messrs. Campbell and Calderwood, Solio

Engine Works, Paisley. \_Solio, Paisley. 162.]

1885. Capito, Charles Alfred Adolph, Rusbbourne, Eamsgate ; and 13 Victoria

Street, Westminster, S.W.

1892. Capper, David Sing, Professor of Mechanical Engineering, King's College,

Strand, London, W.C.

1860. Carbutt, Sir Edward Hamer, Bart., 19 Hyde Park Gardens, London, W.

;

and Nanhurst, Cranleigh, Guildford.

1878. Cardew, Cornelius Edward, Locomotive and Carriage Superintendent,

Burma State Railways, Insein, Burma ; care of Messrs. H. S. King and

Co., 65 Cornhill, London, E.C. : (or care of Rev. J. H. Cardew,

Wingfield Rectory, Trowbridge.)

1875. Cardozo, Francisco Correa de Mesquita {Life Member^ Messrs. Cardozo

and Irmao, Pemambuco Engine Works, Pernambuco, Brazil : (or care

of Messrs. Fry Miers and Co., 8 Great Winchester Street, London, E.C.)

1892. Carnegie, David, Royal Laboratory, Royal Arsenal, Woolwich.

1866. Carpmael, William, 24 Southampton Buildings, London, W.C. [Carpmael,

London. 2608.]

1877. Carr, Robert, 1 West Pier, London Docks, London, E.

1895. Carr, Robert Alfred, 1 West Pier, London Docks, London, E.

1892. Carrack, Charles, Messrs. Crossley Brothers, 116 New Street, Birmingham.

1884. Carrick, Henry, Messrs. Carrick and Wardale, Redheugh Engine

Works, Gateshead; and Hall Garth, Coatham Mundeville, Darlington.

[^Wardale, Gateshead."]

1885. Carter, Herbert Fuller, Calle de Gante 11, Ciudad de Mexico, Mexico :

(or care of H. Maynard Carter, 79 Wool Exchange, Coleman Street,

London, E.C.)

1877. Carter, William, Manager, The Hydraulic Engineering Company,

Chester.

1888. Castle, Frank, Royal College of Science, Exhibition Road, South

Kensington, London, S.W.

1891. Caswell, Samuel John, 31 Sakai Machi, Kobe, Japan.
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1892. Causer, "William George, Brighton Tilla, Handsworth, E.O., Birmingham.

1883. Cawley, George, 29 Great George Street, "Westminster, S."W.

1892. Chadwick, Osbert, C. M. G., Crown Agents' Department, Colonial Office,

Downing Street, London, S."W. ; and 11 Airlie Gardens, Kensington,

London, "W.

1894. Chaffey, George, P.O. Box 75, Mildura, Victoria.

1876. Challen, Stephen "VN^illiam, Messrs. Taylor and Challen, Derwent

Foundry, 60 and 62 Constitution Hill, Birmingham. [Derwent,

Birmingham.']

1892. Chalmers, George, St. John del Eey Mining Co., 28 Tower Chambers,

Finsbury Pavement, London, E.C.

1886. Chalmers, John Reid, 18 Hemingford Road, Bamsbury, London, N.

1896. Chambers, Robert Martin, Messrs. Chambers and Co., Cuba Street,

Belfast.

1890. Chandler, Noel, Cannock Chase Foundry and Engine "Works, Hednesford,

near Stafford.

1887. Chapman, Alfred Crawhall, 3 St. Nicholas' Buildings, Newcastle-on-Tjme.

1888. Chapman, Arthur, Assam Railways and Trading Co., 1 Clive Ghat

Street, Calcutta, India; The New Club, Calcutta, India: (or St.

Andrew's Cottage, Bury St. Edmund's.)

1866. Chapman, Henry, 69 Victoria Street, Westminster, S.'W. [Tiibalcain,

London.'] ; and 10 Rue Laffitte, Paris.

1878. Cliapman, James Gregson, Messrs. Fawcett Preston and Co., Phoenix

Foundry, Liverpool; and 25 Austinfriars, London, E.C. [FawcM,

London.]

1887. Chapman, Joseph Crawhall, 70 Chancery Lane, London, Vl.C. ; and St.

Mildred's, Lovelace Gardens, Surbiton.

1893. Charlesworth, Sheard, Messrs. S. Charlesworth and Co., Richmond Hill

Iron "Works, Oldham. [Charlesworth, Engineers, Oldham. 63.]

1885. Charnock, George Frederick, Engineering Department, Technical College,

Bradford.

1895. Charnock, James (Lt/e Member), Messrs. Vikoul Morosoff and Sons,

Oreliovo, near Moscow, Russia : (or care of Messrs. Samuel Montagu

and Co., 60 Old Broad Street, London, E.C.)

1877. Chater, John, Messrs. Henry Pooley and Son, 89 Fleet Street, London,

E.C.

1890. Chater, John Richard, Messrs. Henry Pooley and Son, Albion Foundry,

Harecastle Junction, Staffordshire.

1885. Chatfeild Clarke, Leslie, 132 "Westbourne Terrace, Hyde Park, London, "W.

1891. Chattcrton, Alfred, Professor of Engineering, College of Engineering,

Madras, India ; and 10 Mundania Road, Honor Oak, London, S.E.
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1887. Chatwin, James, Victoria "Works, Great Tindal Street, Ladywood,

Birmingham.

1867. Chatwood, Samuel, Lancashire Safe and Lock Works, Bolton ; and

High Lawn, Broad Oak Park, Worsley, near Manchester.

1873. Cheesman, "William Talbot, Hartlepool Rope "Works, Hartlepool.

1881. Chilcott, "William "Winsland, The Terrace, H.M. Dockyard, Sheemess.

1895. Chittenden, Edmund Barrow, "West Mailing, Kent.

1880. Churchward, George Dundas, Locomotive Superintendent, Imperial Chinese

Railways, care of H.B.M.'s Consulate, Tientsin, North China: (or

care of A. W. Churchward, London Chatham and Dover Railway,

Queenborough Pier, Queenborough.)

1894. Churchward, George Jackson, Great "Western Railway Carriage "Works,

Swindon.

1896. Claremont, Ernest Alexander, Messrs. F. H. Royce and Co., Cooke Street,

Hulme, Manchester. {_Sicitch, Manchester. 772.]

1891. Clark, Augustus, Bowman's Heirs, Pernambuco, Brazil.

1871. Clark, Christopher Fisher, Mining Engineer, Garswood Coal and Iron

Co., Park Lane Collieries, "Wigan ; and Cranbury Lodge, Park Lane,

"Wigan. [^Park Lane, Wigan.^

1878. Clark, Daniel Kinnear, 8 Buckingham Street, Adelphi, London, "W.C.

1867. Clark, George, Southwick Engine "Works, near Sunderland.

1896. Clark, George, Jun., Southwick Engine Works, near Sunderland.

1889. Clark, Thomas Alexander, Superintendent of Workshops, George Heriot's

Hospital School, Edinburgh.

1896. Clark, Thomas Forster, Locomotive Superintendent, Metropolitan

Railway, Neasden, London, N.W.

1894. Clarkson, Charles, Portland Harbour Torpedo Works, Weymouth.

1891. Clarkson, Thomas, Grove Villa, Carshalton Grove, Sutton, Surrey.

1892. Clay, Charles Butler, National Telephone Co., St. Andrew's House,

Holbom Circus, London, E.C.

1882. Clayton, William Wikeley, Messrs. Hudswell Clarke and Co., Railway

Foundry, Jack Lane, Leeds. ILoco, Leeds. 504.]

1890. Cleathero, Edward Thomas, Messrs. Cleathero and Nichols, Phoenix

Works, Boleyn Road, Kingsland, London, N. ; and 16 Tollington

Place, London, N.

1890. Cleaver, Arthur, Engineer, Nottingham Laundry Co., Sherwood, near

Nottingham ; and Hornby House, Sherwood, near Nottingham.

1890. Cleland, William, Sheffield Testing Works, Blonk Street, Sheffield.

1871. Cleminson, James, Dashwood House, 9 New Broad Street, London, E.C.

ICleminson, London.']

1873. Clench, Frederick, Lincoln, Works, Chesterfield.

2 A
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1885. Clifton, George Bellamy, Great Western Railway Electric Light Works,

150 'Westboume Terrace, Paddington, London, "W.

1885. Close, John, Jun., York Engineering Works, Leeman Road, York.

1885. Clutterbuck, Herbert, Engineers' Department, London County Council,

Spring Gardens, London, S.W.

1881. Cochrane, Brodie, Greencroft Park, Lanchester, Durham.

1858. Cochrane, Charles, Woodside Iron Works, near Dudley ; and Green Royde,

Pedmore, near Stourbridge.

1887. Cochrane, George, Resident Engineer, London Hydraulic Power Works,

46 Holland Street, Blackfriars Road, London, S.E.

1885. Cochrane, John, Grahamston Foundry and Engine Works, Barrhead, near

Glasgow. [^Cochrane, Barrhead.']

1869. Cochrane, Joseph Bramah, Woodside L-on Works, near Dudley.

1868. Cochrane.William, Mining Engineer, Elswick Colliery, Elswick, Newcastle-

on-Tyne ; and Oakfield House, Gosforth, Newcastle-on-Tyne.

1864. Coddington, Sir William, Bart., M.P., Ordnance Cotton Mill, Blackburn

;

and Wycollar, Blackbxirn.

1889. Coey, Robert, Locomotive Engineer, Great Southern and Western

Railway, Inchicore Works, near Dublin.

1889. Colam, William Newby, 57 Henderson Row, Edinburgh. [_C6lam, CahJt,

Edinburgh.]

1892. Cole, Henry Aylwin Bevan, 79i Gracechurch Street, London, E.C.

[^Carhuncle, London.]

1378. Coles, Henry James, Sumner Street, Southwark, London, S.E.

1884. Coltman, John Charles, Messrs. Huram Coltman and Son, Engineering

Works, Meadow Lane, Loughborough.

1878. Colyer, Frederick, 18 Great George Street, Westminster, S.W.

1888. Combe, Abram, Messrs. Combe Barbour and Combe, Falls Foundry, Belfast.

1889. Common, John Freeland Fergus, 4 Bute Crescent, Cardiff.

1881. Compton-Bracebridge, John Edward, Messrs. Easton Anderson and

Goolden, 3 Whitehall Place, London, S.W.

1896. Conaty, George, Engineer, Birmingham and Slidland Tramways.

Birmingham.

1888. Constantino, Ezekiel Grayson, 32 Victoria Street, Manchester. ^Constant,

Manchester.]

1886. Conyers, Sidney Ward, Railway Construction Branch, Public Works

Department, Sydney, New South Wales.

1874. Conyers, William, Albury, New South Wales.

1896. Cook, Charles, Messrs. Barry, Henry and Co., 64 Mark Lane, Londor>, E.C.

1888. Cook, John Joseph, Messrs. Robinson Cooks and Co., Atlas Foundry,

St. Helen's, Lancashire.

1892. Cooke, Rupert Thomas, 31 Granville Street, Ashtou-uuder-Lyne.
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1877. Cooper, Arthur, North Eastern Steel Co., Koyal Exchange, Middlesbrough.

1883. Cooper, Charles Friend, Messrs. Paterson and Cooper, 68 Victoria Street,

Westminster. S.W. [Patella, London. 1140.]

1877. Cooper, George, Pencliffe, AUeyne Koad, West Dulwich, London, S.E.

1891. Cooper, Myles, 36 Victoria Street, Manchester.

1874. Cooper, William, Neptune Engine Works, Hull. [Neptune, Hull.']

1881. Coote, Arthur, Messrs. K. and W. Hawthorn Leslie and Co., Hebburn,

Newcastle-on-Tyne.

1885. Coppee, Evence, 223 Avenue Louise, Bruxelles, Belgium.

1892. Corin, Philip Burne, Messrs. J. M. B. Corin and Son, Anchor Foundry,

Penzance.

1895. Corner, John Frederick, Boiler Insurance and Steam Power Co., 67 King

Street, Manchester.

1895. Cornish, Edwin, Staff Engineer, K.N., H.M.S. " Hawke," Mediterranean

Station.

1848. Corry, Edward (Life Member), 9 New Broad Street, London, E.C.

1881. Cesser, Thomas, McLeod Koad Iron Works, Kurrachee, India : (or care of

Messrs. Ironside Gyles and Co., 1 Gresham Buildings, Guildhall,

London, E.C.)

1883. Cotton, Henry Streatfeild, London Hydraulic Power Co., Palace Chambers,

Bridge Street, Westminster, S.W.

1896. Cottrell, Stephen Butler, Pacific Buildings, 31 James Street, Liverpool.

[Motor, Liverpool. 5460.]

1894. Cottrill, John Ormerod, Bee Hive Works, Bolton.

1887. Coulman, John, Hull and Barnsley Kailway, Spring Head Works, Hull.

1895. Couper, Sinclair, Messrs. Lindsay Burnet and Co., Moore Park Boiler

Works, Govan, Glasgow. [Burnet, Glasgoic. 1513.]

1878. Courtney, Frank Stuart, Messrs. Easton Anderson and Gooldeu,

3 Wliitehall Place, London, S.W.; and 39 Alleyn Park, Dulwich,

London, S.E.

1875. Coward, Edward, Messrs. Melland and Coward, Cotton Mills and Bleach

Works, Heaton Mersey, near Manchester.

1896. Cowdell, Henry Charles, Cradley Boiler Works, Cradley Heath, S.O.,

Staffordshire. [Boiler, Cradley Heath.]

1875. Cowen, Edward Samuel, Messrs. G. K. Cowen and Co., Beck Works,

Brook Street, Nottingham ; and 9 The Kopewalk, Nottingham. [Cowen,

Nottingham. 87.]

1880. Cowper, Charles Edward, 144 Addison Gardens, London, W.
1892. Cowper-Coles, Sherard Osbom, 39 Victoria Street, Westminster, S.W. ; and

16 Adam Street, Manchester Square, London, W.
1888. Cox, Herbert Henry, 17 Wodehouse Terrace, Falmouth.

2 A 2
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1896. Craig, Alexander, Messrs. A. nnd G. Craig, Queen's Quay and Boating

Club Road, Londonderry.

1866. Craven, William, Messrs. Craven Brothers, Vauxliall Iron Works, Osborne

Street, Manchester. [VmixhaJl, Manclieder. 659.]

1894. Craven, William H. S., Messrs. Craven Brothers, Vauxhall Iron Works,

Osborne Street, Manchester. \_Vmixliall, Manchester. 659.]

1889. Cribb, Frederick James, Messrs. Marshall Sons and Co., Britannia Iron

Works, Gainsborough.

1884. Crighton, John, Messrs. Crighton and Co., 20 Exchange Buildings, St.

Mary's Gate, Manchester.

1893. Crippin, Thomas Henry, Bolton Engineering Co., Turton Street, Bolton

;

and 89 Bury New Eoad, Bolton.

1883. Croft, Henry, M.P., Chemanns, Vancouver Island.

1878. Crohn, Frederick William, 14 Burney Street, Greenwich, London, S.E.

1877. Crompton, Rookes Evelyn Bell, Arc Works, Chelmsford ; and Mansion House

Buildings, Queen Victoria Street, London, E.C. \_Crompton^ Chelmsford.']

1884. Crook, Charles Alexander, Telegraph Construction and Maintenance

Works, Enderby's Wharf, East Greenwich, London, S.E.

1881. Crosland, James Foyell Lovelock, Chief Engineer, Boiler Insurance

and Steam Power Co., 67 King Street, Manchester.

1891. Crosland, Joseph, Messrs. Seebohm and Dieckstahl, Dannemora Steel

Works, SheflSeld ; and Stanley Avenue, Birkdale, Southport.

1875. Crossley, William John, Messrs. Crossley Brothers, Great Marlborough

Street, Manchester. [Crossleys, Openshaic.']

1882. Cruickshank, William Douglass, Chief Government Engineer Surveyor,

Marine Board, Sydney, New South Wales.

1889. CuUen, William Hart, Resident Engineer, The Aluminium Co., Oldbury,

near Birmingham.

1837. Cutler, George Benjamin, Messrs. Samuel Cutler and Sons, Providence

Iron Works, Millwall, London, E. ; and 4 Westcombe Park, Blackheatb,

London, S.E.

1876. Cutler, Samuel, Messrs. Samuel Cutler and Sons, Providence Iron Works,

Millwall, London, E. [Cutler, Millicall. 5059.]

1888. Dadabhoy, Cursetjee, Messrs. Shapurji Sorabji and Co., Bombay Foundry

and Engine Works, Khetwady, Bombay, India ; and Cumbala Hill,

Bombay, India.

1804. Daglish, George Heaton, Rock Mount, St. Anne's Road, Aigburth,

near Liverpool. [Daglish, Aigburth. 2717.]

1891. Daglish, Harry Bolton, Messrs. Robert Daglish and Co., St. Helen's

Engine and Boiler Works, St. Helen's, Lancashire.

1895. Daintree, Thomas Ekins, Messrs. Tangyes, P.O. Box 818, Johannesburg,

Transvaal, South Africa.
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1883. D'Albert, Charles, Socie'te des Anciens Etablissements Hotchkiss et Cie.,

6 Koute de Gonesse, St. Denis, Seine, France.

1890. Dalby, "William Ernest, Finsbury Technical College, Leonard Street, City

Eoad, London, E.G.

1889. Dalgamo, James Robert, Danesford, Countess Wells Eoad, Mannofield,

Aberdeen,

1893. Ball, John, Messrs. Harland and Wolff, Belfast.

1893. Dalrymple, Alexander, Superintendent Engineer, Hall Line of Steamers,

19 Tower Buildings N., Water Street, Liverpool.

1881. D'Alton, Patrick Walter, London Electric Supply Corporation, Stowage

Wharf, Deptford, London, S.E.

1866. Daniel, Edward Freer, Messrs. Worthington and Co., The Brewery,

Burton-on-Trent ; and 89 Derby Street, Burton-on-Trent.

1866. Daniel, Wniiam, Messrs. John Fowler and Co., Steam Plough and

Locomotive Works, Leeds ; and Fern Bank, Horsforth, Leeds.

1891. Daniels, Thomas, Messrs. Nasmyth WUson and Co., Patricroft, Manchester.

1888. Darbishire, James Edward, 110 Cannon Street, London, E.C. {_Ezra,

London. 11306.]

1878. Darwin, Horace (^Li/e Member), The Orchard, Huntingdon Eoad,

Cambridge.

1873. Davey, Henry, Messrs. Hathorn Davey and Co., Sun Foundry, Dewsbury

Eoad, Leeds ISun Foundry, Leeds] ; and 3 Prince's Street.

Westminster, S.W. \_Subterranean, London^

1890. Davidson, Albert, 139 Norfolk Street, Sheffield.

1888. Davidson, Samuel Cleland, Sirocco Works, Bridge End, Belfast.

1880. Davies, Charles Merson, Messrs. Diibs and Co., Glasgow Locomotive

Works, Glasgow ; and Leslie House, PoUokshields, Glasgow.

1885. Davies, Edward John Mines, 24 Harrington Square, London, N.W.

1891. Davies, John Hubert, P.O. Box 455, Johannesburg, Transvaal, South

Africa.

1894. Davis, George, Engineer's Office, Lancashire and Yorkshire Eailway,

Hunt's Bank, Manchester.

1868. Davis, Henry Wheeler, 5 Highbury Grove, Highburj', London, N.

1877. Davison, John Walter, Bombay Baroda and Central India Eailwaj',

Ahmedabad, India: (or care of Mrs. Channon, 97 Shirland Eoad,

Maida Vale, London, W.)

1884. Davison, Robert, Locomotive Department, Caledonian Eailway, St. Rollox,

Glasgow.

1873. Davy, David, Broom Croft, Parkhead, Sheffield.

1892. Davy, AVilliam James, 15 Victoria Street, Westminster, S.W.

1874. Daw, Samuel, 50 Chelsea Eoad, Southsea, Portsmouth.

1879. Dawson, Bernard, 110 Cannon Street, London, E.C. [^Crocus, London'] ;

and The Laurels, Malvern Link, Malvern. [Heather, Malvern Linl:.']
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1875. DawsoD, Edward, 2 "Windsor Place, Cardiflf. [Mecltanical, Cardiff.']

1896. Day, Charles, Messrs. Cole, Marchent and Morley, Prospect Foundry.

Bradford.

1890. Day, George Cameron, Messrs. Day Summers and Co., Xortham Iron

"Works, Southampton.

1886. Dayson, "William Ogden, Blaenavon "U^orks, Blaenavon. E.S.O.,

Monmouthshire.

1874. Deacon, George Frederick, 32. Victoria Street, "V\'estminster, S."W.

1880. Deacon, Eichard "William ,' Boeboetan, Battenhall Pioad, Worcester.

1894. Deakin, Benjamin "Walter, Eesident Engineer, City of London Electric

Lighting Station, 64 Bankside, Southwark, Loudon, S.E. ; and Belmont,

St. Ann 's Hill, "Wandsworth, London, S."W.

1868. Dean, "Wniiam, Locomotive Superintendent, Great "Western Eailway,

Swindon.

1887. Deas, James, Clyde Navigation, Glasgow.

1866. Death, Ephraim, Messrs. Death and Ellwood, Albert "Works, Leicester.

1884. DecauvUIe, Paul, Portable Eailway "Works, Petit Bourg, Seine-et-Oise,

France. [Decauville, Corheil.']

1890. Deeley, Eichard Mountford, Locomotive Department, Midland Eailway,

Derby; and 10 Chamwood Street, Derby.

1877. Dees, James Gibson, 36 King Street, "Whitehaven.

1889. Defries, "Wolf, Messrs. Defries and Sons, 147 Houndsditch, London, K
[Defries, London^

1882, Denison, Samuel, Messrs. Samuel Denison and Sou, Old Grammar

School Foxmdry, North Street, Leeds. [Weigh, Leeds. 221.]

1892. Dennis, George D., 26 Newton Eoad, Bayswater, London, ^f.

1888. Dent, Charles Hastings, London and North "W^estern Eailway, Lime

Street Station, Liverpool.

1895. Dewhurst, John Henry, Messrs. John Dewhurst and Son, Attercliffe Eoad,

Sheffield. [1614.]

1883. Dick, Frank "V\'esley, Palmers Shipbuilding and Iron AVorks, Jarrovv.

1891. Dick, John Norman, Government Marine Surveyor, Penang, Straits

Settlements.

1890. Dickinson, Alfred, 120 Colmore Eow, Birmingham. [Traction, Birmingliam.']

1891. Dickinson, James Clark, Palmer's Hill Engine "Works, Simderland.

1880. Dickinson, John, Palmer's Hill Engine "Works, Sunderland. [Bede,

Sunderland.']

1892. Dickinson, Eichard Henry, Locomotive Superintendent, Birmingham

Central Tramways, Kyotts Lake Depot, Birmingham.

1875. Dickinson, "William, AVarham Eoad, Croydon.

1886. Dixon, Eobert, 4 Tyne Vale Terrace, Gateshead.

1883. Dixon, Samuel, Messrs. Kendall and Gent, Victoria "VVorks, Springfield,

Salford, JIanchester. [Tools, Majichester. Nat. 330 ; Mutual 1330.]
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'

1887. Dixon, William BasU, 18 Westcott Street, Hull."

1896. Dobson, Adam, 7 Marsh's Buildings, DoncgaU Street, Belfast. [96G.]

1872. Dobson, Benjamin Alfred, Messrs. Dobson and Barlow, Kay Street

Machine Works, Bolton. \_Dobsons, Bolton.']

1873. Dobson, Richard Joseph Caistor, De Volharding, Soerabaya, Java

:

(or care of Miss Dobson, 4 Chesterfield Buildings, Victoria Park,

Clifton, Bristol.)

1880. Dodd, John, Messrs. Piatt Brothers and Co., Hartford Iron Works,

Oldham.

1868. Dodman, Alfred, Highgate Foundry, Lynn. IDodman, Lynn.']

1889. Dolby, Ernest Richard, 8 Prince's Street, Westminster, S.W.

1880. Donald, James, 43 East Mount, Barrow-in-Furness.

1876. Donaldson, John, Messrs. John I. Thornycroft and Co., Steam Yacht and

Launch Builders, Church Wharf, Chiswick, London, W.; and Tower

House, Turnham Green.

1873. Donkin, Bryan {Life Meinher), Messrs. Bryan Donkin and Co., 55

Southwark Park Road, Bermondsey, London, S.E. [Donkin Company,

London. 4662.] ; and The Mount, Wray Park, Reigate.

1895. Donkin, Harry Julyan, Works Manager, Messrs. Bryan Donkin and Co.,

55 Southwark Park Road, Bermondsey, London, S.E.

1891. Donovan, Edward Wynne, Messrs. J. S. Leach and Co., Broughton

Bridge Iron Works, Salford, Manchester. [Dazzle, Manchester.]

1896. Dorman, William Sansom, Works Manager, Gloucester Wagon Works,

Gloucester.

1865. Douglas, Charles Prattman (Life Member'), Thombeck Hill, Carmel Road,

Darlington.

1879. Douglass, Sir James Nicholas, F.R.S., Stella House, Bonchurch,

Ventnor.

1879. Douglass, William, Chief Engineer to the Commissioners of Irish Lights,

Westmoreland Street, Dublin.

1891. Douglass, William James, Messrs. Douglass Brothers, Globe Iron Works,

Blaydon-on-Tyne, R.S.O., County Durham.

1887. Douglass, William Tregarthen, 15 Victoria Street, Westminster, S.W.

1857. Dove, George, Messrs. Cowans Sheldon and Co., St. Nicholas Engine

and Iron Works, Carlisle ; and Viewfield, Stanwix, near Carlisle.

1873. Dove, George, Redboum HUl Iron and Coal Co., Frodingham, near

Doncaster [Bedbourn, Frodingham.]; and Hodroyd Hall, near

Bamsley.

1866. Downey, Alfred C, Messrs. Downey and Co., Coatham Iron Works,

Middlesbrough ; and Belle Vue, Marton Road, Middlesbrough.

1881. Dowson, Joseph Emerson, 39 Old Queen Street, Westminster, S.W,

IGaseovs, London.]



XXX MEMBERS. 1896.

1880. Doxford, Robert Pile, I^Iessrs. William Doxford and Sons, Pallion

Shipbuilding and Engine Works, Sunderland.

1S74. Dredge, James, 35 Bedford Street, Strand, London, W.C. [3663.]

1890. Drewet, Tom, Government Senior Inspector of Steam Boilers, Town

Custom House, Bombay, India.

1S96. Dronsfield, William, Messrs. Dronsfield Brothers, Atlas Works, Oldham.

1886. Drummond, Dugald, Locomotive Engineer, London and South Western

Eailway, Nine Elms, London, S.W.

1889. Drummond, Richard Oliver Gardner, P. 0. Box 92, Johannesburg,

Transvaal, South Africa.

1896. Dryden, Thomas, Grimshaw Street Foundry, Preston. [36.]

1877. Diibs, Charles Ralph, Messrs. Dubs and Co., Glasgow Locomotive Works,

Glasgow.

1885. Duckering, Charles, Water Side Works, Rosemary Lane, Lincoln.

1880. Duckham, Frederic Eliot, Engineer, Millwall Docks, London, E.

18G8. Dugard, William Henry, Messrs. Dugard Brothers, Vulcan Rolling

Mills, Bridge Street West, Summer Lane, Birmingham. [Vulcan,

Birmingliam.']

1879. Duncan, David John Russell, 28 Victoria Street, Westminster, S.W.

1886. Duncan, Norman, Mechanical Engineer to the Municipality, Rangoon,

British Burmah, India.

1894. Dunell, George Robert, 36 Bedford Street, Strand, London, W.C. ; and

9 Grove Park Terrace, Chiswick, London, W.

1892. Dunlop, James, Victoria Jubilee Technical Institute, BycuUa, Bombay,

India.

1870. Dunlop, James Wilkie, 39 Delancey Street, Regent's Park, London, N.W.

1890. Dunn, Hugh Shaw, Engineer, Caprington Collieries, Kilmarnock.

1886. Duvall, Charles Anthony, Messrs. Easton, Anderson and Goolden, Erith

Iron Works, Erith, S.O., Kent.

1887. Dymond, George Cecil, Messrs. W. P. Thompson and Co., 6 Lord Street,

Liverpool.

1865. Dyson, Robert, Messrs. Owen and Dyson, Eother Iron Works, Rotherham.

1880. Eager, John Edward, Messrs. William Crichton and Co., Engineering and

Shipbuilding Works, Abo, Finland.

1869. Eamshaw, William Lawrence, Superintending Marine Engineer, South

Eastern Railway, Folkestone.

1858. Easton, Edward, 11 Delahay Street, Westminster, S.W.

1884. Eastwood, Charles, Manager, Linacre Gas Works, Liverpool.
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1892. Eastwood, Thomas Carline, Messrs. Eastwood Swingler and Co., Victoria

and Kailway Iron Works, Derby. [^Swingler, Derhy.']

1888. Eaton-Shore, George, Borough Engineer, Temple Chambers, Crewe.

1875. Eaves, William, Engineer, Messrs. John Brown and Co., Atlas Steel and

Iron Works, Sheffield.

1896. Eborall, Cornelius Willes, District Locomotive Superintendent, East

Indian Kailway, Jamalpur, India : (or care of Messrs. William Watson

and Co., 7 Waterloo Place, Pall Mall, London, S.W.)

1878. Eckart, William Koberts, Messrs. Salkeld and Eckart, 632 Market Street,

P. O. Box 1844, San Francisco, California, United States.

1868. Eddison, Kobert William, Messrs. John Fowler and Co., Steam Plough

and Locomotive Works, Leeds.

1886. Ede, Francis Joseph, Messrs. Ede Brothers, Silchar, Cachar, India.

1893. Eden, The Hon. Francis Fleetwood, Los Talleres de Sola, Ferro Carril del

Sud, Buenos Aires, Argentine Republic.

1887. EdUn, Herbert William, P.O. Box 674, Johannesburg, Transvaal, South

Africa. [^Motor, Johannesburg.^

1883. Edmiston, James Brown, Marine Superintending Engineer, Messrs.

Hamilton Eraser and Co., K Exchange Buildings, Liverpool ; and Ivy

Cottage, Highfield Road, AValton, Liverpool.

1877. Edwards, Frederick, 62 Bishopsgate Street Within, London, E.C.

1885. Edwards, Walter Cleeve, Public Works Department, Vryburg, British

Bechuanaland, South Africa.

1896. Ekin, Tom Charles, 21 Old Queen Street, Westminster, S.W.

1888. Ellery, Henry George, 7 Fernbank Eoad, Eedland, Bristol.

1875. Ellington, Edward Bayzand, Hydraulic Engineering Works, Chester;

and Hydraulic Engineering Co., Palace Chambers, 9 Bridge Street,

Westminster, S.W.

1892. Elliott, Archibald Campbell, D.Sc, Professor of Engineering, University

College of South Wales and Monmouthshire, Cardiff.

1895. Elliott, George, 10 Oceanic Avenue, Belfast.

1883. Elliott, Henry John, Assistant Manager, Elliott's Metal Works, Selly

Oak, near Birmingham. [Elmeco, Birmingham.']

1882. Elliott, Thomas Graham, Messrs. Fairbairn Naylor Macpherson and Co.,

Wellington Foundry, Leeds.

1895. Ellis, Arthur Devonshire, Managing Director, Messrs. Thwaites Brothers,

Vulcan Iron Works, Bradford.

1892. Ellis, Joseph S., Central Engineering Works, Chepstow lEngineer,

Chepstow.'] ; and Myrtle Cottage, Chepstow.

1880. Ellis, Oswald William, 6 Grosvenor Place, Jesmond, Newcastle-on-Tyne.

[Bobey, Newcastle-on-Tyne.]

1896. Ellis, William Frederick Wood, 2 Dulal Street, Fort, Bombay, India.
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1885. Elswoitliy, Edward Houtson, Messrs. Eicliardson and Cruddas, Byculla

Iron Works, Bombay, India; and Altamont Koad, Cumbala Hill,

Bombay, India.

1878. Elwin, Charles, London County Council, Spring Gardens, London, S.W.

1890. English, Lt.-Colonel Thomas, Hawley, near Dartford.

1894. English, Thomas Matthew, Superintendent, Die and Coining Department,

H. M. Slint, Bombay, India.

1894. Ennor, Charles John, 55 Rua da Eeboleira, Oporto, Portugal.

1890. Esson, John, Chatteris EngineeringWorks, Chatteris, S.O., Cambridgeshire.

1889. Etches, Harry, 17 Napoleon Street, Brantford, Ontario, Canada.

1884. Etherington, John, 39a King William Street, London Bridge, London, E.C.

1887. Evans, Arthur George, Palace Chambers, 9 Bridge Street, Westminster,

S.W.

1884. Evans, David, Messrs. Bolckow Vaughan and Co., Cleveland Iron and

Steel Works, South Bank, E.S.O., Yorkshire.

1892. Evanson, Frederic Macdonnell, Hazelhurst, Urmston, near Manchester.

1887. Everard, John Breedon, 6 MUlstone Lane, Leicester.

1887. Everitt, XeviU Henrj-, Messrs. Thomas Piggott and Co., Atlas Works,

Birmingham ; and Hillside, Knowle, Warwickshire.

1894. Ewen, John Taylor, 4 Ann Street, Hillhead, Glasgow.

1881. Ewen, Thomas Buttwell, Messrs. Ewen and Mitton, Smithfield Works,

Sherlock Street, Birmingham.

1891. Ewing, James Alfred, F.R.S., Professor of Mechanism and AppUed

Mechanics, Engineering Department, The University, Cambridge ; and

Langdale Lodge, Cambridge.

1890. Exton, George Gaskell, Messrs. Chubb and Son, 128 Queen Victoria

Street, London, E.C.

1868, Fairbairn, Sir Andrew, Messrs. Fuirbairn Naylor Macphersou and Co.,

Wellington Foundry, Leeds ; and Askham Kichard, York.

1875. Farcot, Jean Joseph Le'on, Messrs. Farcot and Sons, Engine Works,

13 Avenue de la Gare, St. Ouen, France.

1880. Farcot, Paul, Messrs. Farcot and Sons, Engine Works, 13 Avenue de la

Gare, St. Ouen, France.

1881. Farrar, Sidney Howard, Messrs. Howard Farrar and Co., Port Elizabeth,

South Africa ; and care of Messrs. F. A. Robinson and Co., 54 Old Broad

Street, London, E.C.

1882. Fawcett, Thomas Constantine, White House Engineering Works, Leeds.

IFawcett, Leeds.']
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1882. Feeny, Victor Isidore, 60 Queeu Victoria Street, Loudon, E.G. IVictor

Feeny, London.']

1876. Fell, John Corry, 1 Queen Victoria Street, London, E.G. ; and Excelsioi-

Works, Old Street, London, E.G.

1869. Fenwick, Glennell, 57 Gracecliurcli Street, London, E.G.

1892. Fenwick, James, 19 Bridge Street, Sydney, New Soutli Wales. [103S.]

1870. Ferguson, Henry Tanner, Wolleigh, Bovey Tracey, near Newton

Abbot.

1881. Ferguson, William, Harbour Board, Wellington, New Zealand : (or care of

Montgomery Ferguson, 81 James Street, Dublin.)

1896, Ferguson, William Deeble, General Manager, Messrs. Victor Coatcs and

Go., Lagan Engine Works, Belfast; and Albert Villa, Ravenhill Eoad,

Belfast.

1866. Fiddes, Walter, Glapton Villa, Belgrave Road, Tyndall's Park, Bristol.

1867. Field, Edward, i Trafalgar Square, London, W.G.

1888. Field, Howard, 12 London Street, Fenchurcli Street, London, E.G.

1884. Fielden, Joseph Petrie, Messrs. Thomas Robinson and Son, Railway Works,

Rochdale ; and Park Terrace, Rochdale.

1874. Fielding, John, Messrs. Fielding and Piatt, Atlas Iron Works,

Gloucester. [_Atlas, Gloucester.'}

1891. Finlayson, Finlay, East End Villa, Lugar Street, Goatbridge.

1891. Firth, George Henry, Field Head, Bolton, Bradford.

1888. Fischer, Gustave Joseph, Railway Construction Branch, Public Works

Department, Sydney, New South Wales ; and Oakhurst, West Street,

North Sydney, New South Wales.

1889. Fisher, Henry Bedwell, Marine Shops, London Brighton and South

Goast Railway, Newhaven, Sussex.

1884. Fisher, Henry Oakden, Ty Mynydd, Radyr, near Garditf.

1888. FitzGerald, Maurice Frederick, Professor of Engineering, Queen's Gollege,

Belfast.

1877. Flannery, James Fortescue, M.P., 9 Fenchurch Street, London, E.G.

[2283.]

1883. Fletcher, George, Masson and Atlas Works, Litchurch, Derby.

1867. Fletcher, Lavington Evans, Ghief Engineer, Manchester Steam Users'

Association, 9 Mount Street, Albert Square, Manchester. \_Steam Users',

Manchester.']

1892. Focken, Gharles Frederick, care of Institute of Engineers and Shipbuilders,

Hong Kong, China.

1859. Fogg, Robert, 159 Knight's Hill, West Norwood, London, S.E.

1887. Foley, Nelson, Engineering Manager, Societa Industriale Napoletana

Hawthorn-Guppy, Naples, Italy.
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1882. Forbes, David :\Ioncur, Engineer, H. M. Mint, Bombay.
1892. Forbes, Percy Alexander, Messrs. Lambert Brothers, Tube Mills, Iron and

Brass Works, Walsall.

ISS2. Forbes, William George Loudon Stuart, Mechanical Superintendent,

H. M. Mint, Calcutta.

1892. Forrest, Hilary Sheldon, General Manager, Messrs. Dobson and Barlow,

Kay Street Machine Works, Bolton.

1888. Forster, Alfred Llewellyn, Assistant Engineer, Newcastle and Gateshead

Water Works, Xewcastle-on-Tyne.

1882. Forsyth, Kobert Alexander, Courtway, Gold Tops, Newport, Monmouthshire,

1889. Foster, Ernest Howard, Messrs. Henry K. Worthington, 86 Liberty Street,

New York, United States.

1889. Foster, Herbert Anderton {Life Member), Messrs. John Foster and Son,

Black Dike Spinning Mills, Queensbury, near Bradford.

1888. Foster, James, Lily Bank, St. Andrew's Drive, PoUokshields, Glasgow.

1884. Foster, John Slater, Messrs. Jones and Foster, 39 Bloomsbury Street,

Birmingham.

1882. Fothergill, John Eeed, Consulting Engineer, Dock Office, West
Hartlepool ; and 1 Bathgate Terrace, West Hartlepool.

1877. Foulis, William, Manager, Glasgow Corporation Gas Department, City

Chambers, 45 John Street, Glasgow.

1885. Foumy, Hector Foster, French Chambers, Queen's Dock-Side, Hull.

IVeritas, Hull}

1866. Fowler, George, Basford Hall, near Nottingham.

1847. Fowler, Sir John, Bart., K.C.M.G., 2 Queen Square Place, Westminster,

S.AV.

1894. Fowler, Robert Henry, Messrs. John Fowler and Co., Steam Plough and

Locomotive Works, Leeds. [Foider, Leeds.^

1885. Fowler, William Henry, 31 Whitworth Street, Manchester; and Brook

House, Flixton, near Manchester.

1866. Fox, Sir Douglas, 28 Victoria Street, Westminster, S.W.

1875. Fox, Samson, Leeds Forge, Leeds.

1884. Frampton, Edwin, General Engine and Boiler Co., Hatcham L-on

Works, Pomeroy Street, New Cross Eoad, London, S.E. [Oxygen,

London. 8007.]

1885. Franki, James Peter, Morts Dock and Engineering Co., Morts Bay, Sydney,

New South Wales : (or care of Messrs. Goldsbrough Mort and Co., 149

Leadenhall Street, London, E.C.)

1877. Eraser, John Hazell, Messrs. John Eraser and Son,Millwall Boiler Works,

London, E. ; and 110 Cannon Street, London, E.C
ISSS. Frcnzel, Arthur Benjamin, 314 W. 133rd Street, New York, United

States.
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1891. Frier, John Drummond, ISG Plumstead Common Koad, Plumstead.

1866. Fry, Albert, Bristol Wagon Works, Lawrence Hill, Bristol.

1891. Fuller, Charles Frederick, 171 Queen Victoria Street, London, E.G.

1884. Fumess, Edward, Knollcroft, Knoll Road, Besley, S.O., Kent.

1890. Gadd, 'William, Assistant Locomotive Engineer, Waterford and Limerick

Eailway, Limerick.

1866. Galloway, Charles John, Managing Director, Messrs. Galloways, Knott

Mill L-on "Works, Manchester. [Gallmcay, Manchester.']

1862. Galton, Sir Douglas, K.C.B., D.C.L., LL.D., F.E.S., 12 Chester Street,

Grosvenor Place, London, S."W.

1884. Ganga Eam, Eai Bahadur, Executive Engineer, Public Works
Department, Amritsar, Punjaub, India : (or care of Messrs. Thomas
"Wilson and Co., 24 Eood Lane, London, E.G.)

1891. Garrard, Charles Eiley, Garrard Manufacturing Co., Magneto "Works

Eyland Street, Birmingham. [Gearing, Birmingham. 904.]

1882. Garrett, Frank, Messrs. Eichard Garrett and Sons, Leiston "Works, Leiston,

E.S.O,, Suffolk. [Garrett, Leiston.'}

1894. Gatehouse, Tom Ernest, 22 Paternoster Eow, London, E.G. [Ageelay,

London.'}

1867. Gauntlett, "V^'illiam Henry, 33 Albert Terrace, Middlesbrough. [Pyrometer,

Middlesbrough.}

1895. Gaynor, Captain Henry Francis, E.E., School of Military Engineering,

Chatham.

1888. Gaze, Edward Henry James, 4 Victoria Drive, Mount Florida, Glasgow.

1895. Geach, Frederick Samuel, Messrs. John Vipond and Co., Varteg Hill

Colliery, near Pontypool.

1888. Geddes, Christopher, 2a Drury Buildings, "Water Street, Liverpool.

[Graccius, Liverpool.}

1880. Geoghegan, Samuel, Messrs. A. Guinness Son and Co., St. James' Gate

Brewery, Dublin. [Guinness, Dublin.}

1896. German, Walter Hussey, Colonial Sugar Eefining Co., Sydney, Xew
South Wales.

1887. Gibb, Andrew, Managing Engineer, Messrs. Eait and Gardiner, Millwall

Docks, London, E. ; and 30 South Street, Greenwich, London, S.E.

1871. Gibbins, Eichard Cadbury, Berkley Street, Birmingham. [Gihbins,

Birmingham.}

1883. Gilchrist, Percy Carlyle, F.E.S. {Life Member), Palace Chambers, 9 Bridge

Street, Westminster, S.W. [Gilchrist, London}; and Frognal Bank,

Finchley New Eoad, Hampstead, London, N.W.
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1880. Gill, Charles, Messrs. Young and Gill, Engineering Works, Java ; and

Java Lodge, Beckenham.

1889. Gill, Frederick Henry, Messrs. Alexander Penney and Co., 107 Fenchurcli

Street, London, E.C.

1884. Gimson, Arthur James, Messrs. Gimson and Co., Engine "Works, Yulcan

Street, Leicester. [^Gimson, Leicester. 6.]

1881. Girdwood, William Wallace, 24 Plashet Eoad, Upton Manor, London, E.

1874. Gjers, John, Messrs. Gjers Mills and Co., Ayresome Iron Works,

Middlesbrough.

1896. Glasgow, Arthur Graham, 3Iessrs. Humphreys and Glasgow, 9 Victoria

Street, Westminster, S.W.

1887. Gledhill, Manassah, Sir Joseph Whitworth and Co., Openshaw,

Manchester.

1880. Godfrey, William Bernard, 23 St. Swithin's Lane, London, E.C.

1888. Goflf, John, Messrs. Salt and Co., The Brewery, Burton-on-Trent.

1882. Goldsmith, Alfred Joseph, LiUington, Moray Street, New Farm, Brisbane,

Queensland.

1877. Goodbody, Robert, Messrs. Goodbody, Clashawaun Jute Factory, Clara,

near Moate, Ireland.

1875. Goodfellow, George Ben, Messrs. Goodfellow and Matthews, Hyde Iron

Works, Hyde, near Manchester. \_Goodfellow, Hyde.']

1890. Goodman, John, Professor of Engineering, Yorkshire College, Leeds.

1889. Goold, William Tom, Shillingford Works, Wallingford.

186.5. Goransson, Goran Fredrick, Sandvik Iron Works, near Gefle, Sweden: (or

care of James Bird, 143 Cannon Street, London, E.C.)

1887. Gordon, Alexander, Niles Tool Works, and Messrs. Gordon and Maxwell,

Hamilton, Ohio, United States.

1879. Gorman, William Augustus, Messrs. Siebe and Gorman, 187 Westminster

Bridge Eoad, London, S.E. {_Siehe, London.']

1880. Gottschalk, Alexandre, 13 Eue Auber, Paris.

1877. Goulty, Wallis Elvers, Messrs. Wheatley Kirk, Price, and Goulty, Albert

Chambers, Albert Square, Manchester. [Indicator, Manchester.]

1878. Grafton, Alexander, Vulcan Works, Bedford. [Grafton, Bedford.]

1894. Graham, Maurice, Transport Appliance Works, Brook Street, Smethwick,

Birmingham.

1896. Graham, Robert, Ponce, Porto Rico.

1886. Grant, Percy, Assistant Locomotive, Carriage, and Wagon Superintendent,

Sola Works, Ferro Carril del Sud, Buenos Aires, Argentine

Republic : (or care of John M. Grant, 136 Sutherland Avenue, Maida

Vale, London, W.)

1895. Grant, Thomas Maxwell, Managing Director, Messrs. Napier Brothers,

100 Hyde Park Street, Glasgow. [TVindlass, Glasgow. 714.]
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1891. Gray, George Macfarlane {Life Member), Board of Trade SurTcyors'

Office, Custom House Arcade, Liverpool.

1865. Gray, John Macfarlane, Chief Examiner of Engineers, Marine Department,

Board of Trade, 79 Mark Lane, London, E.C. ; and 4 Ladbroke

Crescent, Notting Hill, London, "W. {Yarg, London.']

1876. Gray, John "William, Engineer, Corporation "Water "Works, Broad Street,

Birmingham.

1879. Gray, Thomas Lowe, Lloyd's Register, 2 "White Lion Court, Cornhill,

London, E.C; and 24 St. Michael's Road, Stockwell, London, S."W.

1879. Greathead, James Henry, 15 Victoria Street, Westminster, S.W.

1861. Green, Sir Edward, Bart., Messrs. E. Green and Son, Phoenix Works,

Wakefield.

1SS8. Green, Henry Joseph Kersting, 29 Clive Street, Calcutta, India

:

(or care of Messrs. J. B. Barry and Son, 110 Cannon Street, London,

E.C.)

1893. Green, "William Penrose, Messrs. Thomas Green and Son, Smithfield Lron

"Works, Leeds.

1895. Greensmith, James Eades, General Manager, Portland Locomotive and

Car "Works, Portland, Maine, "Puited States.

1878. Greenwood, Arthur, Messrs. Greenwood and Batley, Albion Works,

Leeds.

1874. Greenwood, "William Henry (Life Member), Birmingham Small Arms and

Metal Co., Adderley Park "Works, Birmingham.

1894. Gregory, Horace Mark, Messrs. Brown, Lenox and Co., 9 Martin's Lane,

Cannon Street, London, E.C.

1879. Grenville, Robert Neville, Butleigh Court, Glastonbury.

1892. Gresham, Harry Edward, Messrs. Gresham and Craven, Craven Iron

"Works, Salford, Manchester. [Brake, Manchester. 613.]

1880. Gresham, James, Messrs. Gresham and Craven, Craven Iron "Works,

Salford, Manchester. [BraTte, Manchester. 613.]

1883. Grew, Frederick, Halton, 90 Ritherdon Road, Upper Tooting, London,

S.W.

1874. Grew, Nathaniel, Dashwood House, 9 New Broad Street, London, E.C.

1895. Griffith, Percy, 55 Parliament Street, Westminster, S.W.

1895. Griffiths, Harry Denis, P.O. Box 455, Johannesburg, Transvaal, South

Africa.

1884. Griffiths, James E., Messrs. Griffiths and James, 2 Bute Crescent, Cardiff.

1873. Griffiths, John Alfred, Edgar Street, East Brisbane, Queensland : (or care

of Thomas Griffiths, Langham Road, Bowdon, near Altrincham.)

1889. Grimshaw, James Walter, Resident Engineer, Harbours and Rivers

Department, Sydney, New South Wales ; and Australian Club, Sydney,

New South Wales.
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1891. Groom, Eicliard Alfred, Shropshire Works, Wellington, Salop.

1879. Grose, Arthur, Messrs. Grose Normau and Co., Keliaiice Works,

Northampton.

1886. Grove, David, 24 Friedrich Strasae, Berlin.

1884. Gulland, Jamea Ker, Diamond Drill Co., 8 Victoria Street, Westminster,

S.W. [Gulland, London.'}

1870. Gwynne, James Eglinton Anderson (Life JUemher), Brooke Street Works,

Holbom, London, E.G. [Gicynnegram, London.^

1870. Gwynne, John, Hammersmith Iron Works, Hammersmith, London, W. ;

and 89 Cannon Street, London, E.C.

1888. Hadfield, Eobert Abbott, Hecla Foundry Steel Works, Sheffield. [Hadfield,

Sheffield.']

1894. Haigh, Noel Newall, Messrs. W. B. Haigh and Co., Globe Iron Works,

Plane Street, Oldham.

1884. Hall, Albert Francis, George F. Blake Manufacturing Co., Ill Federal

Street, Boston ; and 3 Cordis Street, Charlestown, Boston,

Massachusetts, United States.

1892. Hall, George Edward, Mechanical Superintendent, Lighting Department,

Salford Corporation, Wilburn Street, Salford, Manchester.

1894. Hall, Henry Piatt, Messrs. Piatt Brothers and Co., Hartford New Works,

Oldham.

1879. Hall, John Francis, Xorbury, Pittsmoor, Sheffield.

1881. Hall, John Percy, Carville, Lawrie Park Pioad, Sydenham, London,

S.E.

1882. Hall, John Willim, Ivy House, Bilston.

1890. Hall, Oscar Standving, Messrs. Eobert Hall and Sons, Hope Foundry,

Bury, Lancashire.

1874. Hall, Thomas Bernard, 119 Colmore Eow, Birmingham; and Ingleaide,

Sandon Eoad, Edgbaston, Birmingham. [Tamar, Birmingham.']

1871. Hall, William Silver, 9a Tsukiji, Tokyo, Japan: (or care of MeBsrs.

Takata and Co., 88 Bishopsgate Street Within, London, E.C.)

1889. Hall-Brown, Ebenezer, Messrs. Hall -Brown Buttery and Co.,

Helen Street Engine Works, Govan, Glasgow. [Triple, Glasgow.

1843.]

1880. Hallett, John Harry, 123 Bute Street, Cardiff. [Con<>ulting, Cardiff.]

1871. Halpin, Druitt, 17 Victoria Street, Westminster, S.W. [Halpin, London.

3075, care of Victoria Chambers Co.]

1895. Halstead, John Henry, Locomotive Superintendent, Ferro-Carril de

Taltal, Taltal, ChUi.
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1894. Hamer, Walter, Messrs. Dobson and Barlow, Kay Street Machine Works,

Bolton. [Dobsons, Solton.']

1894. Hamilton, Eobert, Park Villa, Institution Hill, Singapore, Straits

Settlements.

1875. Hammond, Walter John, The Grange, Knockholt, near Sevenoaks.

1886. Hanbury, John James, Edgeley, Walm Lane, Willesden Park, London,

N.W.

1896. Handyside, Charles Baird, Messrs. Waterlow and Sons, Fins'jury,

London, E.G.

1892. Hansen, Robert Blackwell, Tenth Street, Walbrook, Baltimore,

Maryland, United States : (or care of James Hansell, 62 Jerninghatn

Road, New Cross, London, S.E.)

1891. Harcourt, Otto Simon Henry, Clarence Iron Works, Leeds.

1894. Harding, James Cooper, Messrs. T. Richardson and Sons, Hartlepool

Engine Works, Hartlepool.

1888. Harding, Thomas Walter, Tower Works, Leeds.

1874. Harding, William Bishop, X Ker. Szapary-utcza 21 sz., Budapest, Hungary.

1881. Hardingham, George Gatton Melhuish, 191 Fleet Street, London, E.C.

[^Hardingham, London.']

1883. Hardy, John George, 13 Riemergasse, Stadt, Vienna.

1869. Harfield, William Horatio, Arundel
^
House, Thames Embankment,

London, W.C. [_Harfield, London.']

1887. Hargraves, Richard, 8 Rock Mount, Blackburn.

1887. Hargreaves, John Henry, Messrs. Hick Hargreaves and Co., Soho Iron

Works, Crook Street, Bolton.

1888. Harker, William, Messrs. Richard Schram and Co., Cannon Street

House, London, E.C. [Schram, London.]

1894. Harmer, Oscar, Messrs. Alfred Herbert and Co., Coventry ; and Hopedale,

Spencer Park, Coventry.

1891. Harris, Gordon, Messrs. Merryweather and Sons, Fire-Engine Works,

Greenwich Road, London, S.E.

1879. Harris, Henry Graham, Messrs. Bramwell and Harris, 5 Great George

Street, Westminster, S.W. ITVellbram, London. 3060.]

1873. Harris, Richard Henry, 63 Queen Victoria Street, London, E.C. ; and Oak

Hill, Surbiton, R.O., near Kingston-on-Thames.

1877. Harris, William Wallington, Messrs. A. M. Perkins and Son, 6 Seaford

Street, Regent Square, London, W.C. ; qnd 24 Alexandra Villas, Hornsey

Park, London, N.

1885. Harrison, Frederick Henry, Lincoln Malleable Iron Works, Lincoln.

[Malleable, Lincoln.]

1888. Harrison, George, 35 Therapia Road, Honor Oak, London, S.E.

1889. Harrison, Captain Gilbert Harwood, R.E., War Office, Whitehall,

London, S.W. 2 b
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1885. Harrison, Joseph, Eoyal College of Science, Exhibition Eoad, South

Kensington, London, S."W.

1891. Harrison, Joseph Hutchinson, Messrs. Howson and Harrison, 2 Exchange

Place, Middlesbrough ; and Clifford Villa, Coatham, Eedcar.

1887. Harrison, Thomas Henry, Messrs. Davey Paxman and Co., 78 Queen

Victoria Street, London, E.C.

1894. Harrison, WiUiam John, Locomotive Superintendent, Cia. Paulista, Kio

Claro, Sao Paulo, Brazil ; and 44 Bournemouth Eoad, Folkestone.

1890. Harrison, "William Eobert, Messrs. Harrison, Bilton and Sharp, Paragon

Chambers, Hull. [Valuation, HuU. 375.]

1883. Hart, Frederick, 36 Prospect Street, Poughkeepsie, New York, United

States.

1872. Hartnell, Wilson, Benson's Buildings, Park Eow, Leeds.

1882. Harvey, Charles Eandolph, Messrs. G. and A. Harvey, Albion Machine

Works, Govan, near Glasgow.

1892. Harvey, Francis Haniel, Messrs. Harvey and Co., Hayle Foundry, Hayle.

Cornwall.

1886. Harvey, John Boyd, North's Navigation Collieries, Tondu. near Bridgend,

Glamorganshire.

1883. Harvey, Eobert, 1 Palace Gate, London, W.

1878. Harwood, Eobert, Soho Iron Works, Bolton.

1881. Haslam, Sir Alfred Seale, Union Foundry, Derby. [Zero, Derby.']

1885. Hatton, Eobert James, Henley's Telegraph Works, North Woolwich,

London, E.

1857. Haughton, S. WOfred (Life Member), Greenbank, Carlow, Ireland.

1878. Haughton, Thomas, 110 Cannon Street, London, E.C. [Hauglinot,

London.']

1885. Haughton, Thomas James, East Africa ; and care of Mrs. Haughton.

Draycott, near Weston-super-Mare.

1892. Hawkins, Eupert Skelton, District Locomotive Superintendent, Indian

Midland Eailway, Jhansi, India.

1861. Hawkins, William Bailey, 39 Lombard Street, London, E.C.

1870. Hawksley, Charles, 30 Great George Street, Westminster, S.W.

1891. Hawksley, George William, Brightside Boiler and Engine Works, Savile

Street East, Sheffield. [EawMey, Slieffield. 337.]

1882. Hayes, Edward, Watling Works, Stony Stratford. [Hayes, Stony Strafford."]

1879. Hayes, John, 55 Steep Hill, Lincoln.

^J.8.80 Hoyter, Harrison, 33 Great George Street, Westminster, S.W.

1885. Head, Archibald Potter, Messrs. Jeremiah Head and Son, 47 Victoria

Strf it, Westminster, S.W. [Principium, London. 3237] ; and Queen's

Square, Middlesbrough.

1888. Hetid, Harold Ellershaw, 5 Ilchester Mansions, Kensington, London, W.
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1869. Head, Jeremiah, Messrs. Jeremiah Head and Son, 47 Victoria Street,

"Westminster, S.W. [Principium, London. 3237.] ; and Queen's

Square, Middlesbrough.

1S57. Healey, Edward Charles, 33 Norfolk Street, Strand, London, W.C.

1890. Heap, Kay Douglas Theodore, 21 Park Koad, Wimbledon.

1872. Heap, William, 28 Chapel Street, Liverpool. {_Metal, Liverpool. 809.]

1889. Heath, George Wilson, Messrs. Heath and Co., Observatory Works,

Crayford, Kent.

1888. Heatly, Harry, Messrs. Heatly and Gresham, 7 Hastings Street, Calcutta,

India [Brake, Calcutta.'] : (or Ballygunge, West Hill Koad, Wandsworth,

London, S.W.)

1875. Heenan, Hammersley, Messrs. Heenan and Froude, Newton Heath Iron

Works, near Manchester; and The Manor House, Wilmslow, near

Manchester. [Spherical, Newton Seath.']

1895. Heinke, Edwin Harry Alfred, Locomotive Superintendent, La Guaira and

Caracas Eailway, Caracas, Venezuela : (or care of Miss E. Heinke,

The College, Stoke Bishop, near Bristol.)

1879. Hele-Shaw, Henry Selby, LL.D., Professor of Engineering, University

College, Liverpool.

1869. Henderson, David Marr, Engineer-in-Chief, Imperial Maritime Customs

Service of China, Shanghai, China.

1891. Henderson, Thomas, 6 and 8 Trueman Street, Liverpool. [Mechanical,

Liverpool. 2366.]

1888. Henning, Gustavus Charles, 726 Temple Court, 5 Beekman Street, New
York, United States.

1879. Henriques, Cecil Quixam, Messrs. John H. Wilson and Co., 15 Victoria

Street, Westminster, S.W. [Drague, London.]

1875. Hepburn, George, Kedcross Chambers, Kedcross Street, Liverpool.

[Hephurn, Liverpool.]

1891. Hepburn, Thomas, Officiating Chief Mecliauical Engineer, Small Arms
Ammunition Factory, Kirkee, Poona, India.

1892. Herbert, Alfred, Machine-Tool Works, Coventry. [Lathe, Coventry. 52.]

1893. Herbert, Charles, 35 Queen Victoria Street, London, E.G. [Mancunian,

London.]

1893. Herbert, George Henry, Messrs. Kichard Hornsby and Sons, 75a Queen

Victoria Street, London, E.C.

1894. Herman, Benjamin Richard, Messrs. B. K. Herman and Co., McLeod

Road, Karachi, India. [Serman, Karachi. 47.]

1884. Hernu, Arthur Henry, 69 Victoria Street, Westminster, S.W.

1894. Herriot, William Scott, 187 Osmaston Road, Derby.

1884. Hervey, Matthew Wilson, Assistant Engineer, West Middlesex Water

Works, Hammersmith, London, W.

2 B 2
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1879. Hesketb, Everard, Messrs. J. and E. Hall, Iron Works, Dartford. [Kesltetlt,

Dartford.']

1872. Hewlett, Alfred, Haseley Manor, Warwick.

1887. Hibbert, George, Hibbert's Works, Bank Eoad, Gateshead.

1885. Hicken, Thomas, La Compafiia Fabricantes Ingleses, 302 Calle Balcarco,

Buenos Aires, Argentine Republic : (or care of Miss Hicken, Bourton,

near Rugby.)

1896. Higby, Robert George, Sitarampur, Bengal, India.

1894. Higginbottom, Lloyd, Messrs. Higginbottom and Mannock, Crown Iron

Works, West Gorton, Manchester.

1879. Higson, Jacob, Mining Engineer, Crown Buildings, 18 Booth Street,

Manchester.

1883. Hill, John Kershaw, Engineer and Manager, West Surrey Water Works,

High Street, Walton-on-Thames.

1885. Hill, Robert Anderson, Royal Mint, Little Tower Hill, London, E.

1890. Hiller, Edward George, Chief Engineer, National Boiler Insurance Co.,

22 St. Ann's Square, Manchester.

1882. Hiller, Henry, Consulting Engineer, National Boiler Insurance Co.,

22 St. Ann's Square, Manchester; and Athelney, Stanley Eoad,

Alexandra Park, Manchester.

1873. Hilton, Franklin, 45 Talbot Street, Southport.

1887. Hindson, William, South Shore Engineering Works, Gateshead. [JSindson,

Gateshead.']

1896. Hitchcock, Cyril, District Locomotive Superintendent, North Western

Railway, Lahore, Punjaub, India,

1891. Hodge, Arthur, Belle Yue Terrace, St. Austell.

1891. Hodges, Frank Grattidge, Locomotive Department, Midland Railway,

Burton-on-Treut.

1896. Hodges, Marcus Henry, Messrs. Hodges Brothers, City Basin Iron Work?,

Exeter.

1870. Hodges, Petronius, 101 Burngreave Road, Pitsmoor, Sheffield.

1880. Hodgson, Charles, Messrs. Saxby and Farmer, Railway Signal Works,

Canterbury Road, Kilburu, London, N.W. [Signalmen, London. 706S.]

1889. Hodgson, George Herbert, Thornton Road, Bradford.

1892. Hodgson, Henry Edwin, Brookhouse Iron Works, Cleckheaton, S. 0.,

Yorkshire.

1891. Hogarth, Thomas Oswald, Great Western Railway Works, Swindon.

1889. Hoggins, Alfred Farquharson, Knaresborough House, Collingham Place,

South Kensington, London, S.W.

1866. Holcroft, Thomas, Bilston Foundry, Bilston.

1886. Holden, James, Locomotive Superintendent, Great Eastern Railway,

Stratford Works, London, E.
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1S95. Holgate, Charles Henzell, School Close Works, Leeds.

1884. Holland, Calvert Bernard, Hazel Villa, ThicketRoad, Anerley, London, S.E.

1895. Holliday, John, Messrs. A. Guinness, Son and Co., St. James' Gate

Brewery, Dublin.

1886. HoUis, Charles William, Nottingham Engineering Co., St. Alban's

Works, Radford, Nottingham, llron, NottmgTiam. 1578.]

1885. HoUis, Henry William, Whitworth House, Spennymoor.

1896. Holman, Frederick, Messrs. N. Holman and Sons, Penzance Foundry,

Penzance.

1891. Holman, Hugh Wilson, Messrs. E. J. Caiger and Co., 77 Billiter Buildings,

Billiter Street, London, E.C. ^Caiger, London.']

1896. Holmes, Percy Frederick, Messrs. W. C. Holmes and Co., Whitestone

Iron Works and Tumbridge Foundries, Huddersfield. IHolmes,

Huddersfield. 113.]

1892. Holmstrom, Carl Albert, care of Swedish and Norwegian Consulate,

Shanghai, China : (or care of Mrs. Holmstrom, Shirley, Kenton Road,

Harrow.)

1883. Holroyd, John, 13 AUeyn Terrace, Park Road, West Dulwich, London,

S.E.

1873. Holt, Henry Percy, 22 Chancery Lane, London, W.C.

1890. Holt, Robert, 2 Paper Buildings, The Temple, London, E.C.

1888. Homan, Harold, Messrs. Homan and Rodgers, 10 Marsden Street,

Manchester. [Namoh, Manclieder. 637.]

1895. Homfray, Samuel George, Sir W. G. Armstrong, Mitchell and Co., 8 Great

George Street, Westminster, S.W.

1890. Hooker, Benjamin, Pear Tree Court, Farringdon Road, London, E.C.

1892. Hope, John Basil, Locomotive Department, North Eastern Railway,

Leeds.

1866. Hopkins, John Satchell, Jesmond Grove, Highfield Road, Edgbaston,

Birmingham.

1885. Hopkinson, Charles, Werneth Chambers, 29 Princess Street, Manchester.

1894. Hopkinson, Edward, D.Sc, Messrs. Mather and Piatt, Salford Iron Works,

Manchester.

1856. Hopkinson, John, Inglewood, St. Margaret's Road, Bowdon, near

Altrincham.

1874. Hopkinson, John, Jun., D.Sc, F.R.S., 5 Victoria Street, Westminster,

S.W. [3092.]

1877. Hopkinson, Joseph, Messrs. Joseph Hopkinson and Co., Britannia Works,

Huddersfield,

1890. Hopper, Allan, Messrs. William Hopper and Co., Moscow, Russia.

1890. Hopper, James Russell, Messrs. William Hopper and Co., Moscow, Russia.
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1889. Hopwood, John, Locomotive Superintendent, Argentine Great Wcstera

Eailway, Mendoza, Argentine Kepublic.

1891. Hombrook, Kaymond Hillman, care of General Post OflSce, San Francisco,

California.

1895. Horner, John, Clonard Foundry, Belfast.

1880. Homsby, James, Messrs. Kichard Homsby and Sons, Spittlegate Iron

Works, Grantham. [^Rornshys, Grantham.']

1889. Horsfield, Cooper, Messrs. Holroyd Horsfield and Wilson, Larchfield

Foundry, Hunslet Eoad, Leeds.

1891. Horsfield, Ealph, Messrs. Ealph Horsfield and Co., Chapel-en-le-Frith,

near Stockport.

1873. Horsley, Charles, 22 Wharf Eoad, City Eoad, London, N.

1892. Horsnell, Daniel, 79 Farringdon Eoad, London, E.C.

1868. Horton, Enoch, Alma Works, Darlaston, near Wednesbury.

1871. Horton, George, 4 Cedars Eoad, Clapham Common, London, S.W.

1886. Hosgood, John Howell, Locomotive and Hydraulic Superintendent, BaiTy

Dock and Eailways, Barry, near Cardifi".

1889. Hosken, Eichard, Severn Tunnel Works, Sudbrook, near Chepstow.

1873. Hoskin, Eichard, 8 Norfolk Street, Sheffield.

1892. Houghton, Francis Gassiot, 23 Tooting Bee Eoad, Tooting, London, S.W.

1866. Houghton, John Campbell Arthur, Calthorpe Eoad, Edgbaston,

Birmingham.

1889. Houghton, Thomas Harry, 58 Pitt Street, Sydney, New South Wales :

(or care of Messrs. James Simpson and Co., 101 Grosvenor Eoad,

Pimlico, London, S.W.) [^Expansion, Sydney.']

1887. Houghton-Brown, Ernest, Messrs. Houghton-Brown Brothers, Kingsbury

L"on Works, Ballspond, London, N.

1896. House, Henry Alonzo, Bridgeport, Connecticut, United States.

1891. How, AVilliam Field, Mutual Life Buildings, George Street, Sydney,

New South Wales. {_AIas7:a, Sydney.]

1864. Howard, Eliot, Messrs. Hayward Tyler and Co., 90 Whitecross Street,

London, E.C.

1879. Howard, James Harold, Britannia Lron Works, Bedford ; and Kempston

Grange, Bedford.

1882. Howard, John William, Gloucester Wagon AVorks, Gloucester.

1896. Howarth, Alfred Montgomery, Eailway Construction Department, Public

Works Office, Sydney, New South Wales.

1885. Howarth, William, Manager, Oldham Boiler Works, Oldham. [Boilers^

Oldham.]

1861. Howell, Joseph Bennett, Messrs. Howell and Co., Brook Steel Works,

Brookhill, Sheffield \_Hoicell, Sheffield.] ; and The Tower, Hatherstigc,

near Sheffield.
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1877. Howell, Samuel Earnshaw, Messrs. Howell and Co., Brook Steel Works,

Brookhill, Sheffield. [Howell, Sheffield.']

1892. Howitt, James Jolin, Messrs. Bowman Thompson and Co., Lostock Gralam,

Northwich.

1882. Howl, Edmund, Messrs. Lee Howl and Co, Tipton. [Hoicl, Tipton.']

1877. Hewlett, Francis, Messrs. Henry Clayton Son and Hewlett, Atlas Works,

Woodfield Road, Harrow Eoad, London, W. {Brickpress, London.]

1891. Hoy, Henry Albert, Locomotive Works, Lancashire and Yorkshire

Eailway, Horwich, near Bolton.

1887. Hoyle, James Eossiter, Messrs. Thomas Firth and Sons, Norfolk Works,

Sheffield.
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1889. Hunter, Charles Lafayette, Engineer, Bute Docks, Cardiff.

1886. Hunter, John, Messrs. Campbells and Hunter, Dolphin Foundry, Saynor
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Blackbrooke, Pontrilas, R.S.O., Herefordshire. {_Jacl;son8, Manchester.']

1895. Jackson, Robert Cattley, Newcastle-on-Tyne Electric Supply Co., Pandon

Dene, Newcastle-ou-Tyne. [_Suppli/, XeiccastJe-on-Tyne. 530.]
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1885. Kidd, Hector, Colonial Sugar Kefining Co., Sydney, New South Wales.
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1893. Kinghorn, John Warden, care of Messrs. Jardine Matheson and Co.,

Hong Kong, China.
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1884. Kirkaldy, John, 40 West India Dock Road, London, E. [Compactum,
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Works, Colchester ; and P.O. Box 2037, Johannesburg, Transvaal, South

Africa.

18S3. Logan, Robert Patrick Tredennick, Engineer's Office, Great Northern

Railway of Ireland, Duudalk.

1884. Longbottom, Luke, Locomotive Carriage and Wagon Superintendent,

North Staffordshire Railway, Stoke-on-Trent.
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[Lorrain, London.']

1888. Low, David Allan, Professor of Engineering, East London Technical

College, People's Palace, Mile End Road, London, E.
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1884. Lowdon, John, General Manager, Barry Graving Dock and Engineering

Co., Exchange Buildings, Cardiff. [Bardocli, Cardiff.']

1891. Lowdon, Thomas, Kingsland Crescent, Barry Docks, B.O., near
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Straits Settlements.
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Engineering and Boiler Works, Bahia, Brazil : (or care of Messrs. Heuser

Humble and Co., 1 Fowkes Buildings, Great Tower Street, London,
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1862. Mappin, Sir Frederick Thorpe, Bart., M.P., Messrs. Thomas Turton and

Sons, Slieaf Works, Sheffield; and Thornbury, Sheffield.

1878. Marie', Georges, 4 Boulevard des Sablons, N"euilly-sur-Seine, France.

1891. Marks, Edward Charles Robert, 13 Temple Street, Birmingham.

1888. Marks, George Croydon, 13 Temple Street, Birmingham. [Pumps,

Birmingham.]

1896. Markwick, Alfred Ernest, Mechanical Engineer to Karachi Municipality,

Lawrence Road, Karachi, India.

1884. Marquand, Augustus John, 2 Dock Chambers, Bute Docks, Cardiff.

[Martial, Cardiff.]

1887. Marriott, William, Engineer and Locomotive Superintendent, Midland and

Great Northern Joint Railways, Melton Constable, Norfolk.

1887. Marsden, Benjamin, Messi-s. S. Marsdeu and Son, Screw-Bolt and Nut
Works, London Road, Manchester.

1896. Marsh, Douglas Earle, Locomotive Department, Great Northern Railway,

Doncaster.

1871. Marsh, Henry William, Winterbourne, near Bristol.

1875. Marshal), Rev. Alfred (Life Member), The Vicarage, Feckenham, Eedditch.

2
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1SG5. Marshall, Francis Carr, Messrs. R. and W. Hawthorn Leslie and Co.,

St. Peter's Works, Newcastle-on-Tyne.

1890. Marshall, Frank Herbert, Blenheim Villa, Grove Hill, IMiddlesbrongh.

1885. Marshall, Henry Dickenson, Messrs. Marshall Sons and Co., Britannia Iron

"Works, Gainsborough. [Marshalls, Gainsborough. 66i8.]

1871. Marshall, James, Messrs. Marshall Sons and Co., Britannia Iron Works,

Gainsborough. [^larshalls, Gainsborough. 6648.]

1885. Marshall, Jenner Guest, Messrs. Chance Brothers and Co., Glass Works,

near Birmingham ; and Westcott Barton Manor, Oxfordshire.

1877. Marshall, William Bayley, Richmond Hill, Edgbaston, Birmingham.

{^Augushis, Birmingham.']

1847. Marshall, William Prime, Richmond Hill, Edgbaston, Birmingham.

\_Augustus, Birmingham.']

1859. Marten, Edward Bindon, Pedmore, Stourbridge. {^larten, Stourbridge.

8504.]

1881. Martin, Edward Pritchard, Dowlais Iron Works, Dowlais.

1888. Martin, Henry James, 29 Bryn-y-mor Road, Swansea.

1889. Martin, The Hon. James, Messrs. James Martin and Co., Phoenix

Foundry, Gawler, South Australia : (or care of J. C. Lanyou,

27 Gresham House, Old Broad Street, Loudon, E.C.)

1892. Martin, Thomas George, Messrs. James McGowan and Co., Wapping

Wall, London, E.

1886. Martin, William Hamilton, Engineering Manager, The Scheldt Royal

Shipbuilding and Engineering Works, Flushing, Holland.

1882. Martindale, Warine Ben Hay, 38 Parliament Street, Westminster, S.W.

;

and Roveoaks, Ingatestone, Essex.

1882. Masefield, Robert, 14 Markham Square, Chelsea, London, S.W.

1884. Massey, George, Post Oflfice Chambers, Pitt Street, Sydney, New South

Wales.

1890. Massey, Stephen, Messrs. B. and S. Massey, Openshaw, Manchester.

1893. Massey, William Henry, 25 Queen Anne's Gate, Westmiinster, S.W. ; and

Twyford, R.S.O., Berkshire.

1892. Masterton, John Eraser, Locomotive Department, South Eastern Railway,

Ashford, Kent.

1894. Mather, George Radford, Messrs. G. R. Mather and Son, Albion Foundry,

Wellingborough. [J\Iather, Wellingborough.']

1867. Mather, William, Messrs. Mather and Piatt, Salford Iron Works,

Manchester. [^lather, Manchester.]

1883. Mather, William Penn, Queen D3-eing Co., Providence, Rhode Island,

United States.

1882. Mathesou, Henry Cripps, Enfield, Sunny Gardens, Hendon, Loudon,

N.W.
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1891. Mathewsou, Jeremiah Eugene, Tilghman's Sand-Blast Co., Broadhcath,

near Manchester.

1886. Matthews, Kobert, Parrs House, Heaton Mersey, near Manchester.

1895. Matthews, Thomas, Imperial Iron Works, West Gorton, Manchester.

1853. Maudslay, Henry (Jjife Member), Westminster Palace Hotel, 4 Victoria

Street, Westminster, S.W. : (or care of John Barnard, 47 Lincoln's Inn

Fields, London, W.C.)

1893. Maunsell, Richard Edward Lloyd, Assistant Locomotive Engineer, Great

Southern and Western Railway, Inchicore Works, near Dublin.

1873. Maw, WiUiam Henry, 35 Bedford Street, Strand, London, W.C. [3663.]

1884. Maxim, Hiram Stevens, Maxim Nordenfelt Guns and Ammunition Co.,

32 Victoria Street, Westminster, S.W. ; and 18 Queen's Gate Place,

South Kensington, London, S.W.

1859. Maylor, William, Chesterleigh, Albemarle Road, Beckenham.

1874. McClean, Frank, Norfolk House, Norfolk Street, Strand, London, W.C.

1891. McCredie, Arthur Latimer, 250 Pitt Street, Sydney, New South Wales.

\_Ebony, Sydney. 63.]

1892. McDonald, John, Locomotive Works, Imperial Government Railways,

Tokyo, Japan.

1878. McDonald, John Alexander, Assistant Engineer-in-chief, Public Works

Department, Perth, Western Australia: (or care of James E.

McDonald, 4 Chapel Street, Cripplegate, London, E.C.)

1865. McDonnell, Alexander, 23 Denbigh Street, London, S.W. ; and Rydens,

Hersham Road, Walton-on-Thames.

1891. McFarlane, George, Sun Insurance Buildings, 121 West George Street,

Glasgow. [Dunsloy, Glasgow. 3777.]

1895. McFarlane, James, 10a Spring Gardens, Abbeyhill, Edinburgh.

1895. McGee, Walter, Albion Works, Stoney Brae, Paisley. [137.]

1892. McGregor, Peter (Life Member), Imperial Maritime Customs, Kowloon,

Hong Kong, China.

1889. Mclntyre, John Henry A., Lecturer on Mechanical Engineering, Allan

Glen's School, Glasgow.

1880. McLachlan, John, Messrs. Bow McLachlan and Co., Thistle Engine

Works, Paisley. [Bow, Paisley."]

1888. McLaren, Henry, Messrs. J. and H. McLaren, Midland Engine Works,

Leeds.

1882. McLaren, Rajrues Lauder, 10 Lammas Park Gardens, Ealing, London, W.
1888. McLarty, Farquhar Matheson, Messrs. McLarty and Co., 10 Patrick

Street, Greenock.

1885. McNeil, John, Messrs. Aitken McNeil and Co., Helen Street, Govan,

Glasgow. IColonial, Glasgmc.']

1896. McPherson, Stewart, Manager, Barnagore Jute Works, Calcutta, India.
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1S94. McQueen, John, Messrs. John Hetherington and Sons, Vulcan Works,

Pullard Street, Manchester.

1891. Meade, Thomas de Courcy, Town Hall, Manchester; and Kenmore,

Didsbury, Manchester.

1882. Meats, John Tempest, Mason Machine Works, Taunton, Massachusetts,

United States.

1881. Meik, Charles Scott, care of P. Walter Meik, 16 Yictoria Street,

Westminster, S.W.

1858. Meik, Thomas, 13 Newbattle Terrace, Edinburgh.

1887. Melhuish, Frederick, Assistant Engineer, Southwark and Vauxhall Water

Works, Southwark Bridge Eoad, London, S.E.

1891. Melville, William Charles, Superintendent Engineer, Liverpool Steam

Tug Co., 44 Chapel Street, Liverpool.

1888. Melville, William Wilkie, Messrs. Caddy and Co., Daybrook, Nottingham.

1878. Menier, Henri, 56 Kue de Chateaudun, Paris.

1876. Menzies, William, Messrs. Menzies and Co., 50 Side, Newcastle-on-Tyne.

[William Menzies, Neiccastle-on-Tyne. G.P.O. 200. Nor. Dis. UU.']

1894. Merrick, Robert, Warren's Place Iron Works, Cork.

1896. Mcrrifield, Leonard Lancaster, Suflolk House, Laurence Pountney Hill,

London, E.G.

1875. Merryweather, James Compton, Messrs. Merryweather and Sons, Fire-

Engiue Works, Greenwich Eoad, London, S.E. ; and 63 Long Acre,

London, W.C. \_Merrijiceather, London.']

1891. Metcalfe, Frederick Spencer, Pumping Station, Sewage Works, Burton-

on-Trent.

1881. Meysey-Thompson, Arthur Herbert, Messrs. Hathorn Davey and Co., Sun

Foundry, Dewsbury Pioad, Leeds.

1877. Michele, Vitale Domenico de, 14 Delahay Street, Westminster, S.W. : and

Higham Hall, Rochester.

1884. Middleton, Reginald Empson, 17 Victoria Street, Westminster, S.W.

1891. ]Middleton, Robert, Sheepscar Foundry, Leeds.

1891. Middleton, Robert Thomas, Superintendent of Bridge Works, Bombay

Baroda and Central India Railway, Bombay, India.

1862. Miers, Francis C, Messrs. Fry Miers and Co., Sufiblk House, 5 Laurence

Pountney Hill, London, E.G. ; and Eden Cottage, West Wickham Road,

Beckenham. [Foundation, London. 1920.]

1874. Milburn, John, Hawkshead Foundry, Quay Side, Workington.

1893. Llillar, Jackson, Messrs. Riley Hargreaves and Co., 11 Merchant Road,

Singapore, Straits Settlements : (or care of J. R. Allan, 93 Hope Street,

Glasgow.)

1889. IMiller, Adam, 50 Lime Street, London, E.G.

1885. Miller, Harry William, Princess Estate and Gold Mining Co., P.O. Box

1366, Johannesburg, Transvaal, South Africa.
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1886. Miller, John Smith, Messrs. Smith Brothers and Co., H\-son Green Works,

Nottingham.

1887. Miller, Thomas Lodwick, 7 Tower Buildmgs N., Water Street,

Liverpool.

1893. Milligan, William Scott, Messrs. Pollit and Wigzell, Bank Foundry,

Sowerby Bridge.

1893. Millington, Frederick Handel, Manager, Patent Pulp Manufacturing Co.,

Thetford ; and Mill House, Thetford.

1885. Millis, Charles Thomas, Principal, Educational Department, Borough

Eoad Polytechnic, London, S.E.

1887. Milne, William, Castle Buildings, West Street, Durban, Natal IMetallic,

Durban']; and The Oaks, 52 Queen Street, Durban, Natal.

1892. Mitcheson, George Arthur, Longton, Staffordshire. [Mitcheson, Longton.

445.]

1870. Moberly, Charles Henry, 33 Bennett Park, Blackheath, London, S.E.

1896. Moffatt, Alexander Charles, Messrs. Moffatt and Eastmead, 39 Victoria

Street, Westminster, S.W. IHoishvay, London.']

1885. Moir, James, Superintendent Engineer, Bombay Steam Navigation Co.,

Frere Koad, Bombay.

1879. Molesworth, Sir Guilford Lindsay, K.C.I.E., The Manor House, Bexley,

S.O., Kent.

1882. Molesworth, James Murray, Aberdeen House, Upper Holly Walk,

Leamington.

1881. Molinos, Leon, 48 Kue de Provence, Paris.

1884. Monroe, Kobert, Manager, Penarth Slipway and Engineering Works,

Penarth Dock, Penarth.

1884. Moore, Benjamin Theophilus, Longwood, Bexley, S.O., Kent.

1876. Moore, Joseph, 1099 Adeline Street, Oakland, San Francisco, California :

(or care of Ralph Moore, Government Inspector of Mines, 13 Clairmont

Gardens, Glasgow.)

1895. Moore, William James Perry, Worthington Pumping Engine Co., 153

Queen Victoria Street, London, E.C.

1880, Moreland, Eichard, Messrs. Eicliard Moreland and Son, 3 Old Street,

St. Luke's, London, E.C. [Ex-pansion, London.]

1889. Morgan, David John, 12 Windsor Eoad, Barry, near Cardiff.

1885. Morgan, Thomas Eees, Morgan Engineering Works, Alliance, Ohio,

United States.

1887. Morison, Donald Barns, Messrs. T. Eichardson and Sons, Hartlepool

Engine Works, Hartlepool.

1896. Morley, Herbert William, Messrs. Cole, Marchent and Morley, Prospect

Foundry, Bradford. \_Cgle, Bradford. 690.]

1895. Morrin, Eichard, Superintendent Engineer, Messrs. Lamport and Holt,

21 Water Street, Liverpool.
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ISSS. Morris, Charles, Messrs. Jessop and Co.,Plicenix Iron Works, Calcutta, India.

lS7i. Morris, Edmund Legh, New River Water Works, Finsbuiy Park,

London, N.

1890. Morris, Francis Sanders, 4 Trafalgar Square, London, W.C.

1890. Morris, John Alfred (^Life Member), Empire Works, 78 Great Bridgewater

Street, Manchester.

1892. Morton, David Home, 95 Bath Street, Glasgow.

1858. Mountain, Charles George, 35 Exchange Buildings, Stephenson Place,

Birmingham.

1886. Mountain, William Charles, Messrs. Ernest Scott and Mountain, Close

Works, Newcastle-on-Tyne \_Esco, Newcastle-on-Tyne. 432.]; and 9 St.

George's Terrace, Jesmond, Newcastle-on-Tyne.

1884. Mower, George A., Crosby Steam Gage and Valve Co., 75 Queen Victoria

Street, London, E.C. [Crosby, London.']

1885. Mudd, Thomas, Manager, Central Marine Engine Works, West Hartlepool.

1873. Muir, Alfred, Messrs. William Muir and Co., Britannia Works, Sherbourne

Street, Strangeways, Manchester.

1873. Muir, Edwin, 37 Brown Street, Manchester.

1876. Muirhead, Eichard, Kentish Engineering Works, Maidstone. IMuirhead,

Maidsto7ie.']

1890. Miiller, Henry Adolphus, Locomotive Superintendent, Municipal EaUway,

3 North Road, Entally, Calcutta, India.

1890. Mumford, Charles Edward, St. Andrew's Works, Bury St. Edmunds.

1890. Munro, John, Professor of Mechanical Engineering, Merchant Venturers'

Technical College, Unity Street, Bristol.

1890. Munro, Robert Douglas, Chief Engineer, Scottish Boiler Insurance and

Engine Inspection Co., 13 Dundas Street, Glasgow.

1889. Miiuster, Bernard Adolph, Engineer, Yokohama, Japan.

1891. Murdoch, Robert Macmillan, Phoenix Metal Die and Eugiaeering Co.,

40 Coin Street, Stamford Street, London, S.E.

1890. Murray, Alexander John, Chief Mechanical Engineer, Government Gun-

Powder Factory, Kirkee, Bombay, India.

1890. Murray, Kenneth Sutherland, Brin's Oxygen Works, 69 Horseferry Road,

Westminster, S.W.

1894. Murray, Thomas Roberts, Messrs. L. Sterne and Co., Crown Iron Works,

Glasgow.

1881. Musgrave, James, Messrs. John Musgrave and Sons, Globe Iron Works,

Bolton. [Musgrave, Bolton.']

1882. Musgi-ave, Walter Martin, Messrs. John Musgrave and Sons, Globe Iron

Works, Bolton. [Musgrave, BoJton.]

1888. Myers-Beswick, William Beswick (Life Member), 14 Victoria Street,

Westminster, S.W.
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1889. Nash, Thomas, Sheffield Testing Works, Blonk Street, Sheffield; and

Guzerat House, Nether Edge, Sheffield.

1888. Nathan, Adolphus, Messrs. Larini Nathan and Co., Milan ; and 15 Via

Bigli, Milan, Italy.

1861. Naylor, John William, Messrs. Fairbakn Naylor Macpherson and Co.,

Wellington Foundry, Leeds.

1883. Neate, Percy John, 16 The Banks, High Street, Eochester.

1889. Needham, Joseph Edward, Patent Office, 25 Southampton Buildings,

London, W.C.

1892. Nelson, Arthur David, Hay and Lackey Streets, Sydney, New South

Wales. INelson, Sydney. 160.]

188-1. Nelson, John, Contractors' Office, Dringhouses, York.

1887. Nelson, Sidney Herbert, The Mill Cottage, Goring-on-Thames.

1881. Nesfield, Arthur, 14 Water Street, Liverpool.

1890. Newton, Percy, Yassall Lodge, Addison Koad, Kensington, London,

W.

1884. NichoUs, James Mayne, Locomotive Superintendent, Nitrate Railways,

Iquique, Chili.

1884. Nicholson, Henry, care of G. H. Hill, Albert Chambers, Albert Square,

Manchester.

1894. Nicholson, John Eiminey, care of Messrs. Blackburn and Main, Solicitors,

Carlisle.

1891. Nicholson, Thomas, Crownpouit Boiler Works, St. Marnock Street,

Crownpoint Eoad, Glasgow.

1886. Noakes, Thomas Joseph, Messrs. Thomas Noakes and Sons, 35 and 37

Brick Lane, Whitechapel, London, E.

1884. Noakes, Walter Maplesdeu, 73 Clarence Street, Wynyard Square, Sydney,

New South Wales.

1892. Norris, William, Pennington Motor Co., 5 and 6 Great Winchester Street,

London, E.C.

1868. Norris, William Gregory, Coalbrookdale Iron Works, Coalbrookdale,

Shropshire.

1883. North, Gamble, Pisagua, Chile : Queenswood, Eltham : (or 57

Gracechurch Street, London, E.C.)

1882. North, John Thomas, Messrs. North Humphrey and Dickenson, Engineering

Works, Iquique, Chile; Woolpack Buildings, 3 Gracechurch Street,

London, E.C. ; and Avery House, Avery Hill, Eltham.

1878. Northcott, Wilham Henry, General Engine and Boiler Co., HatcLam Iron

Works, Pomeroy Street, New Cross Eoad, Loudon, S.E. ; and 7 St. Mary's

Eoad, Peckham, London, S.E. [Oxygen, London. 8007.]

1888. Norton, William Eardley, 8 Great George Street, Westminster, S.W.
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1SS5. Oakes, Sir Eeginald Louis, Bart., Societe Anonj-me La Metallurgique,

1 Place de Louvain, Bruxelles, Belgium.

1887. O'Brien, Benjamin Thompson, 'Si Catharine Street, Liverpool.

1887. O'Brien, John Owden, Messrs. W. P. Thompson and Co., Ducie Buildings,

6 Bank Street, Manchester.

1890. Ockendon, William, Slessrs. John Brovrn and Co., Atlas Steel and Iron

Works, Sheffield.

1868. O'Connor, Charles, 20 Lyra Koad, Waterloo, Liverpool.

1888. O'Donnell, John Patrick, 70 and 71 Palace Chambers, 9 Bridge Street,

Westminster, S.W. ; and Fingal, Hemmelton Koad, Bromley, Kent.

[ODonnell, London. 3059.]

1889. Ogden, Fred, Patent Office, 25 Southampton Buildings, Loudon, W.C.

1886. Ogle, Percy John, 4 Bishopsgate Street Within, London, E.C. l_Oglio,

London. 2463.]

1894. Oka, Saneyasu, 141, 1 Chome, Funakori Cho, Osaka, Japan.

1893. Oke, Francis Kobert, 5 Coppeuhall Terrace, Crewe. [OA-e, Creice.'}

1875. Okes, John Charles Kaymoud, 63 Queen Victoria Street, London, E.C.

\_OaJdree, London.']

1882. Orange, James, Messrs. Danby Leigh and Orange, Hong Kong, China :

(or care of Mrs. Mary Orange, 2 West End TeiTace, Jersey.)

1885. Ormerod, Kichard Oliver, 35 Philbeach Gardens, South Kensington,

London, S.W.

1892. Osmond, Frederick Joliu, The Tower, Bagot Street, Birmingham.

[Osmoiid, Birmingham. 550.]

1867. Oughterson, George Blake, care of Peter Brotherhood, Belvedere Road,

Lambeth, London, S.E.

1889. Owen, Thomas, Midland Kailway, Derby.

1877. Panton, William Henry, Messrs. Dorman Long and Co., Middlesbrough.

1872. Parker, Thomas, Gortoii House, Gorton, near Manchester.

1888. Parker, Thomas, Jun., Carriage and Wagon Superintendent, Manchester

Sheffield and Lincolnshire Railway, Gorton, near Manchester ; and

Gorton House, Gorton, near Manchester.

1891. Parker, Thomas, F.E.S.E., Manor House, Tettenhall, Wolverhampton,

IParher, Tettenhall.}

1871. Parkes, Persehouse, 15 Sherbourne Terrace, Clarendon Street, Leamington

Spa.

1895. Parkinson, Hudson Clough, Engineer's Office, Cumberland Basin, Bristol

Docks, Bristol.

1884. Parlane, William, Manager, Hong Kong Ice Company, Hong Kong,

China : (or Ladyton Cottage, Bonhill, Dumbartonshire.)
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1892. Parratt, "William Heather, Enmore Plantation, East Coast, Demerara,

British Guiana.

1S92. Parrott, Thomas Henry, Fairlight, Westfield iKoad, Edgbaston,

Birmingham.

1S86. Parry, Alfred, Messrs. Parry and Co., Yulcan Iron Works, Calcutta, India : (or

care of Messrs. J. B. Barry and Son, 110 Cannon Street, London, E.C.)

1889. Parry, Evan Henry, care of Wolhuter Gold Mines, P. 0. Bos 860,

Johannesburg, Transvaal, South Africa.

1878. Parsons, The Hon. Eichard Clere, Messrs. Bateman Parsons and

Bateman, 39 Victoria Street, Westminster, S.W. [Outfall, London.

3233.] ; and 48 Prince's Gardens, London, S.W.

1886. Passmore, Frank Bailey, Suffolk House, 5 Laurence Pountney Hill,

London, E.C. \_Knarf, London.']

1886. Patchell, William Henry, Engineer-in-chief, Charing Cross and Strand

Electricity Supply Corporation, 15 IMaiden Lane, Covent Garden,

London, W.C.

1880. Paterson, AValter Saunders, Bombay Burmah Trading Corporation,

Eangoon, British Burmah, India : (or care of Messrs. Wallace Brothers,

8 Austin Friars, London, E.C.)

1877. Paton, John McClure Caldwell, Messrs. Manlove Alliott and Co.,

Bloomsgrove Works, Ilkeston Koad, Nottingham. [Manloves,

Nottingham.']

1891. Paton, Kobert J., Companhia McHardy, Campinas, Sao Paulo, Brazil.

1881. Patterson, Anthony, Dowlais Iron Works, Cardiff; and 9 Glossop Terrace,

Cardiff.

1883. Pattison, Giovanni, Messrs. C. and T. T. Pattison, Engineering Works,

Naples. [_Pattison, Naples.]

1891. Pattison, Joseph, 123 Bute Street, Cardiff.

1891. Paul, Matthew, Jun., Messrs. Matthew Paul and Co., Leyenford Worksj

Dumbarton.

1891. Paulson, Scott, City Flour Mills, Cape Town, Cape Colony: (or caro

of Dr. Paulson, Mount Sorrel, near Loughborough.)

1872. Pasman, James Noah, Messrs. Davey Paxman and Co., Standard Iron

Works, Colchester. [Paxman, Colchester.]

1880. Peache, James Courthope, 87 East Hill, Colchester.

1890. Peacock, Francis, Smyrna, Turkey in Asia.

1890. Peacock, James Albert Wells, Smyrna, Turkey in Asia.

1869. Peacock, Kalph, Messrs. Beyer Peacock and Co., Gorton Foundry,

Manchester.

1873. Pearce, Richard, Carriage and Wagon Superintendent, East Indian

Railway, Howrah, Bengal, India.

1894. Pearce, Robert McLardy, care of National Bank of India, 47 Threadneedle

Street, London, E.C.
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1884. Pearson, Frank Henry, Earle's Shipbuilding and Engineering Works,

Hull.

1885. Pearson, Henry William, Engineer, Bristol Water Works, Small Street,Bristol.

1870. Pearson, Thomas Henry, Moss Side Iron Works, Ince, near Wigan.

1888. Peel, Charles Edmund, Quay Parade, Swansea.

1873. Penn, John, M.P., Messrs. John Penn and Sons, Marine Engineers,

Greenwich, London, S.E.

1873. Penn, William, Messrs. John Penn and Sons, JIarine Engineers,

Greenwich, London, S.E.

1874. Pepper, Joseph Ellershaw, Clarence Iron Works, Leeds.

1874. Percy, Cornelius McLeod, King Street, Wigan.

1893. Philip, William Littlejohn, Managing Director, Messrs. Spencer and Co.,

Melksham Foundry, Melksham.

1881. Philipson, John, Messrs. Atkinson and Philipson, Carriage Manufactory,

27 Pilgrim Street, Newcastle-on-lVne. ICarriage, Neiccastle-on-Tyne.

415.]

1885. Phillips, Charles David, Emlyn Engineering Works, Newport,

Monmouthshire. [Machinery, Newport, xLfon.]

1878. Phillips, John, 4 Corona Eoad, Burnt Ash Hill, Lee, London, S.E.

1885. Phillips, Lionel, Mining Engineer, Bultfontein Diamond Mine,

Kimberley, South Africa ; and care of H. Eckstein, Box 149, Johannes-

burg, Transvaal, South Africa.

1879. Phillips, Kobert Edward, Royal Courts Chambers, 70 and 72 Chancery

Lane, London, W.C. ; and 47 Sussex Place, Onslow Gardens, London,

S.W. [Fhicycle, London.']

1890. PhiUips, Walter, West India House, Leadenhall Street, London, E.C.

{^Philology, London.']

1882. Phipps, Christopher Edward, Locomotive Superintendent, Madras Railway,

Perambore Works, Madras, India.

1894. Pickering, Jonathan, Resident Engineer, Colonial Sugar Refining Co.,

Sydney, New South Wales; and Broadwater, Richmond River, New
South Wales : (or care of John Pickering, 1 Hillend Gardens, Partick

Hill, Glasgow.)

1876. Piercy, Henry James Taylor, Messrs. Piercy and Co., Broad Street Engine

Works, Birmingham. [Piercy, Birmingham. 20.]

1877. Pigot, Thomas Francis, 14 Fitzwilliam Place, Dublin.

1888. Pilkington, Herbert, Wellingborough Iron Works, Wellingborough.

1883. Pillow, Edward, Director of Technical Instruction for Norfolk, Shire Hall,

Norwich ; and 2 Carlton Terrace, Blill Hill Road, Norwich.

1892. Pinder, Charles Ralph, New Rietfontein Estate and Gold Mines, P. 0.

Box 897, Johannesburg, Transvaal, South Africa.

1892. Pirie, George, 7 Anglesea Road, Plumstead.
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1882. Pirrie, John Sinclair, Austral Otis Elevator and Engineering Works,

South Melbourne, Victoria: (or care of Messrs. John Birch and Co.,

11 Queen Street Place, London, E.G.)

1888. Pirrie, William James, Messrs. Harland and Wolff, Belfast.

1883. Pitt, Walter, Messrs. Stothert and Pitt, Newark Foundry, Bath. [Stothert,

Bath.']

1887. Place, John, Chief Engineer, Linotype Co., 188 Fleet Street, London, E.G.

1871. Piatt, James, Messrs, Fielding and Piatt, Atlas Iron Works, Gloucester

\_Atlas, Gloucester.'] ; and Somerset House, Gloucester. [^Platt, Gloucester,]

1883, Piatt, James Edward, Messrs. Piatt Brothers and Co., Hartford Iron

Works, Oldham.

1867. Piatt, Samuel Radcliffe {Life 3Iemher), Messrs. Piatt Brothers and Co.,

Hartford Iron Works, Oldham.

1878. Platts, John Joseph, Eesident Engineer, Odessa Water Works, Odessa,

Eussia.

1869. Player, John {Life Member), Clydach Foundry, near Swansea.

1892. Pogson, Alfred Lee, Engineer-in-Chief, Harbour Trust Board and Works,

Madi'as, India.

1888. Pogson, Joseph, Manager and Engineer, Huddersfield Corporation

Tramways, Huddersfield.

1894. Poland, William, Messrs. William Poland and Co., King's Bench Walk,

Southwark, London, S.E. [^Determine, London.']

1893. Pollit, Edward Ernest, Messrs. PoUit and Wigzell, Bank Foundry, Sowerby

Bridge.

1894. Pollitt, Harry, Chief Locomotive Engineer, Manchester Sheffield and

Lincolnshire Eailway, Gorton, Manchester. [Traction, Gorton.]

1886. Pollock, James, 22 Billiter Street, London, E.G. [Specific, London.]

1876. Pooley, Henry, Eadnor Drive, Liscard, near Liverpool,

1890. Potter, William Henry, Brougham Chambers, Wheeler Gate, Nottingham.

1864. Potts, Benjamin Langford Foster, 55 Chancery Lane, London, W.C. ; and

117 Camberwell Grove, London, S.E.

1878. Powel, Henry Coke, Tintern House, 64 Burnt Ash Hill, Lee, London, S.E.

1874. Powell, Thomas, Brynteg, Neath.

1891. Powles, Henry Handley Pridham, Faraday House, Charing Cross Eoad,

London, W.C.

1867. Pratchitt, John, Messrs. Pratchitt Brothers, Denton Iron Works, Carlisle.

1865. Pratchitt, William, Messrs. Pratchitt Brothers, Denton Iron Works, Carlisle.

1892. Pratt, Middleton, 6 Eichmond Terrace, New Brighton, near Birkenhead.

1885. Pratten, William John, Messrs. Harland and Wolff, Belfast.

1890. Preece, William Henry, C.B., F.E.S., General Post Office, St. Martin's-le-

Grand, London, E.G.
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1882. Presser, Ernest Charles Antoine, Barquillo 26, Madrid.

1877. Price, Henry Sherley, Messrs. Wheatley Kirk, Price, and Goulty, 49 Queen

Victoria Street, London, E.G. llndices, London.']

1896. Price, James, Harbour Engineer, 9 Lapp's Quay, Cork.

1866. Price, John, 6 Osborne VUlas, Jesmond, Newcastle-ou-Tyne.

1890. Price, John, Inspecting Engineer, "Workington.

1889. Price, John Bennett, Messrs. Charles Macintosh and Co., Cambridge

Street, Manchester ; and Wyresdale, Wilbraham Eoad, Chorlton-cum-

Hardy, near Manchester.

1859. Price-Williams, Richard, 32 Victoria Street, Westminster, S.W. \_Spandrel,

London,']

1886. Price-WiLliams, Seymour William, 5 Victoria Street, Westminster, S.W.

1895. Proctor, Charles Faraday, Fittings Department, Edison and Swan Co.,

Ponders End, London, N.

1894. Pryce, Henry James, Locomotive Superintendent, North London Eailway,

Bow Eoad Works, London, E.

1890. Pugh, Charles Henry, Wbitworth Works, Eea Street South, Birmingham,

1887. PuUen, William Wade Fitzherbert, Fairley Villa, Oxford Eoad, Putney,

London, S.W.

1884. Puplett, Samuel, 47 Victoria Street, Westminster, S.W.

1866. Putnam, William, Darlington Forge, Darlington.

1887. PjTie, Sir Thomas Salter, C.S.I., care of H.H. the Ameer of Afghanistan,

Kabul : (or care of E. C. Clarke, Foreign Office, Government of India,

Simla or Calcutta, India : or care of Edmund Neel, C.I.E., India Office,

Whitehall, London, S.W.)

1892. Quentrall, Thomas, H.M. Inspector of Mines, Kimberley, South Africa.

1893. Quirk, Edward, Chief Mechanical Engineer, Trinity House, London, E.G.

1870. Eadcliffe, WilUam (L*/e Mernber'), Camden House, 25 Collegiate Crescent,

Sheffield.

1878. Eadford, Eichard Heber, 15 St. James' Eow, Sheffield. [Eadford, Slieffield.]

1868. Eafarel, Frederic William, Cwmbran Nut and Bolt Works, near Newport,

Monmouthshire.

1884. Eafarel, William Claude, Barnstaple Foundry and Engineering Works,

Victoria Eoad, Barnstaple. [Bafarel, Barnstaple.]

1885. Eainforth, William, Britannia Iron Works, Lincoln. [Ramforths, Lincoln.']

1878. Eait, Henry Milnes, Messrs. Eait and Gardiner, 155 Fenchurch Street,

London, E.C. [Repairs, London.]

1892. Eamsay, William, Superintendent Engineer, Scottish Oriental Steamship

Co., Hong Kong, China.

1847. Eamsbottom, John, Fernhill, Alderley Edge, Cheshire.
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1894. Eamsbottom, John Goodfellow, Messrs. Beyer Peacock and Co., Gorton

Foundry, Manchester.

1860. Ransome, Allen, 304 King's Koad, Chelsea, London, S.W. [Bansome,

London."]

1886. Eansome, James Edward, Messrs. Eansomes Suns and Jefferies, Orwell

Works, Ipswich. ^Eansomes, Ipswich.']

1873. Eapier, Eichard Christopher, Messrs. Eansomes and Eapier, Waterside

Iron Works, Ipswich; and 32 Victoria Street, Westminster, S.W.

[Eansomes Eapier, Westminster.]

1888. Eapley, Frederick Harvey, Messrs. Taite and Carlton, 63 Queen Victoria

Street, London, E.C.

1889. Katcliffe, James Thomas, Baumwoll-Manufactur von Izr. K. Poznanski,

Lodz, Eussian Poland.

1883. Eathbone, Edgar Philip, South African Argosy Association, 18 Bishopsgate

Street Within, London, E.C.

1867. Eatliffe, George, 7a Laurence Pountney Hill, London, E.C.

1893. Eaven, Vincent Litchfield, Locomotive Department, North Eastern

Railway, Darlington.

1872. Eawlins, John, Manager, Metropolitan Eailway-Carriage and Wagon
Works, Saltley, Birmingham [Metro, Birmingliam.] ; and The Mount,

Erdington, near Birmingham.

1883. Eeader, Eeuben, Phoenix Works, Cremorne Street, Nottingham.

1887. Eeadhead, Robert, Messrs. John Eeadhead and Sons, West Docks, South

Shields. [Eeadhead, South Sliields. G.P.O. 14. Nat. 2024.]

1882. Eeay, Thomas Purvis, Messrs. Kitson and Co., Airedale Foundry, Leeds.

1895. Eedit, David, Downham Market, Norfolk.

1881. Redpath, Francis Robert, Canada Sugar Refinery, Montreal, Canada.

[Eedpath, Montreal.]

1883. Reed, Alexander Henry, 64 Mark Lane, London, E.C. [Wagon, London.]

1870. Reed, Sir Edward James, K.C.B., F.R.S., Broadway Chambers,

Westminster, S.W, [Carnage, London.]

1894. Reed, Joseph William, Manager, Engine Works Department, Palmer's

Shipbuilding and Iron Works, Jarrow.

1891. Reed, Thomas Alfred, Bute Docks, Cardiff. [Steam, Cardiff. 171.]

1891. Eeid, Hugh (Life Member), Messrs. Neilson and Co., Hyde Park Locomotive

Works, Glasgow.

1889. Eendell, Alan Wood, Locomotive Superintendent, East Indian Eailway,

Jamalpur, Bengal, India : (or 21a Goldhurst Terrace, South

Hampstead, London, N.W.)

1890. Eendell, Samuel, Messrs. Beyer Peacock and Co,, Gorton Foundry,

Manchester ; and New Mills, near Stockport.

1859. Eenniej George Banks, 20' Lowndes Street, Lowndes Square, London, S.W.
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1S79. Kennie, Jolin Keith, 49 Queen's Gate, London, S.W.

1881. Kennoldson, Joseph Middleton, Marine Engine "Works, South Shields.

[Rennoldson, South Sliields. 11.]

1876. Kestler, James William, Engineer, Southwark and Vauxhall Waterworks,

Southwark Bridge Road, London, S.E.

1883. Eeunert, Theodore {Life Member), Bos 209, Kimberley, South Africa ;

Box 92, Johannesburg, Transvaal, South Africa: (or care of Messrs.

Findlay, Durham and Brodie, 43-46 Threadneedle Street, London, E.G.)

1895. Eew, James Henry, Works Manager, Govan Tube Works, Helen Street,

Govan, Glasgow.

1879. Eeynolds, George Bernard, Manager, Warora Colliery, Warora, Central

Provinces, India : (or care of Jlessrs. Grindlay and Co., 55 Parliament

Street, Westminster, S.W.)

1890. Rice, Thomas Sydney, Aldermary House, 60 Watling Street, London,

E.G. {Bicto, London.']

1866. Richards, Edward Windsor, Low ]Moor Iron Works, near Bradford.

1884. Richards, Lewis, Bedlinog Hall, Bedlinog, Treharris, R.S.O.,

Glamorganshire.

1895. Richardson, Andrew, Messrs. Campbell and Calderwood, Soho Engine

Works. Paisley.

1892. Richardson, Harry Alfred, Messrs. Hick Hargreaves and Co., Soho Iron

Works, Crook Street, Bolton.

1865. Richardson, John, Methley Park, near Leeds.

1873. Richardson, John, Messrs. Robey and Co., Globe Iron Works, Lincoln.

1891. Richardson, John Scott, Box 13, Royal Exchange, Glasgow : (or care

of J. W. Champness Richardson, Lindum, 23 Coleridge Road, Crouch

End, London, X.)

1887. Richardson, Thomas, M.P., Messrs. T. Richardson and Sons, Hartlepool

Engine Works, Hartlepool.

1874. Riches, Tom Hurry, Locomotive Superintendent, Taflf Vale Railway, Cardiff.

[Locomotive, Cardiff.']

1873. Rickaby, Alfred Austin, Bloomfield Engine Works, Sunderland. [Riclcahy,

Sunderland.]

1879. Ridley, James CartmeU, Swalwell Steel Works, Newcastle-on-Tyne.

1893. Ridley, James Taylor, 6 Ruthin Gardens, Cardiff.

1887. Riekie, John, District Locomotive Superintendent, North Western Railway,

Quetta, Beluchistan, India.

1874. Riley, James, General Manager, Glasgow Iron and Steel Company, 36 St.

Vincent Place, Glasgow. [Lngot, Glasgow. 825.]

1894. Riley, Joseph Hacking, Elton Iron Works, Bury, Lancashire.

1885. Ripley, Philip Edward, Messrs. Ransomes Sims and Jefferies, Orwtll

Works, Ipswich.
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1884. Eipper, William, Professor of Mechanical Engineering, The Technical

School, St. George's Square, Sheffield.

1879. Rixom, Alfred John, 108 Park Eoad, Loughborough.

1891. Eoberts, Hugh Jorwerth, Messrs. Burn and Co., Howrah Iron Works,

Howrah, Calcutta, India: (or care of R. P. Eoberts, 3 Osborne Eoad,

Liscard, near Liverpool.)

1887. Eoberts, Thomas, Locomotive Engineer, Government EaUways, Adelaide,

South Australia.

1879. Eoberts, Thomas Herbert, Mechanical Superintendent, Chicago and Grand

Trunk Eailway, Detroit, Michigan, United States.

1887. Eoberts, William, 13 Craven Hill Gardens, Hyde Park, London, W.

1879. Eobertson, William, Newlyn, Eton Avenue, Hampstead, London, N.W.

1894. Eobinson, Arthur Maurice, Messrs. Thomas Eobinson and Son, Eailway

Works, Eochdale. \^Eohinson, Rochdale.^

1894. Eobinson, CLiarles John, Messrs. Thomas Eobinson and Son, Eailway

Works, Eochdale. \_R6binson, Bochdale.']

1890. Eobinson, Frederick Arthur, Messrs. F. A. Eobinson and Co., 54 Old

Broad Street, London, E.G. \_Farrago, London.']

1874. Eobinson, Henry, Professor of Civil Engineering, King's College, Strand,

London, W.C. ; and 13 Victoria Street, Westminster, S.W.

1895. Eobinson, James, Messrs. T. Eichardson and Sons, Hartlepool Engine

Works, Hartlepool.

1859. Eobinson, John, Messrs. Sharp Stewart and Co., Atlas Works, Glasgow
;

and Westwood Hall, near Leek.

1886. Eobinson, John, 8 Vicarage Terrace, Kendal.

1878. Eobinson, John Frederick, Messrs. Sharp Stewart and Co., Atlas Works,

Glasgow. iLoco, Glasgoiv. 3210.]

1891. Eobinson, John George, Locomotive and Carriage Engineer, Waterford

and Limerick Eailway, Limerick.

1892. Eobinson, Leslie Stephen, 28 Victoria Street, Westminster, S.W. [JEyebolts,

London.']

1894. Eobinson, Mark Heaton, Messrs. Willaus and Eobinson, Ferry Works,

Thames Ditton [Willans, Thames-Ditton.] ; and Chatley, Fassett Eoad,

Kingston-on-Thames.

1890. Eobinson, Sydney Jessop, Messrs. W. Jessop and Sons, Brightside Steel

Works, Sheffield.

1878. Eobinson, Thomas Neild, Messrs. Thomas Eobinson and Son, Eailway

Works, Eochdale. [Eobinson, Rochdale.]

1895. Eobinson, William, Professor of Mechanical and Electrical Engineering,

University College, Nottingham.

1891. Eoche, Francis James, care of W. F. Stock, Glenelg, South Australia.
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1872. Rofe, Henry, 8 Victoria Street, Westminster, S.W.

1885. Rogers, Henry John, "Watford Engineering Works, Watford. [^Mechanical,

Watford. 35.]

1892. Eonald, Henry, Small Arms Ammunition Factory, Dum Dum,near Calcutta,

India.

1889. Rosenthal, James Hermann, Bubcock and Wilcox Co., 147 Queen Victoria

Street, London, E.G.

1881. Ross, William, Messrs. Ross and Walpole, Nortli Wall Iron Works,

Dublin, llron, Dublin. 311.]

1893. Rounthwaite, Henry Morrison, Messrs. Maudslay Sons and Field,

110 Westminster Bridge Road, London, S.E. ; and 15 Nicosia Road,

Wandswortla Common, London, S.W.

1856. Rouse, Frederick, Locomotive Department, Great Northern Railway,

Peterborough.

1878. Routh, William Pole, Sutton Court, Sutton, Surrey.

1888. Rowan, James, Messrs. David Rowan and Son, Elliot Street, Glasgow.

1892. Rowe, Almond, Senior Government Marine Surveyor, Singapore, Straits

Settlements.

1891. Rowland, Bartholomew Richmond, Messrs. Luke and Spencer, Broadheath,

near Manchester.

1867. Euston, Joseph, Messrs. Ruston Proctor and Co., Sheaf Iron Works,

Lincoln ; and 6 Onslow Gardens, South Kensington, London, S.W.

\Jiuston, Lincoln.']

1884. Rutherford, George, Managing Director, Mercantile Pontoon Co., Roath

Dock, Cardiff. {Mercantile, Cardiff. G.P.O. 33 ; Nat. 30.]

1885. Ryan, John, D.Sc, Professor of Physics and Engineering, University

College, Bristol.

1866. Ryland, Frederick, Messrs. A. Kenrick and Sons, Spon Lane,Westbromwich.

1866. Sacre, Alfred Louis, 60 Queen Victoria Street, London, E.C. [Sextant^

London. 1668.]

1864. Said, Marshal M., Pasha, Engineer, Turkish Service, Constantinople : (or

care of J. C. Frank Lee, 6 Great Winchester Street, London, E.C.)

1892. Sainsbury, Francis Charles Barrett, Chief Engineer, Messrs. John

Jameson and Son, Bow Street Distillery, Dublin.

1859. Salt, George, 8 Welbeck Street, Cavendish Square, London, W.

1874. Sampson, James Lyons, IMessrs. David Hart and Co., North London Iron

Works, Wenlock Road, City Road, London, N. [Bascule^ London.

6699.]
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1865. Samuelson, The Right Hon. Sir Bernhard, Bait., F.R.S., Britannia Iron

Works, Banbury ; 56 Prince's Gate, South Kensington, London, S.W.

;

and Lupton, Brixham, South Devon.

1881. Samuelson, Ernest, Messrs. Samuelson and Co., Britannia Iron "Works,

Banbury.

1890. Sandberg, Christer Peter, 19 Great George Street, Westminster, S.W.

1881. Sanders, Henry Conrad, Messrs. H. G. Sanders and Son, Victoria

Works, Victoria Gardens, Notting Hill Gate, London, W. ; and Elm
Lodge, Southall.

1871. Sanders, Richard David, Hartfield House, Eastbourne.

1886. Sandford, Horatio, Messrs. E. A. and H. Sandford, Thames Iron Works,

Gravesend.

1881. Sandiford, Charles, Locomotive and Carriage Sui^erintendent, North

Western Railway, Lahore, Punjaub, India.

1891. Sands, Harold, Craythorne, Tenterden, Ashford, Kent.

1894. Sankey, Captain Matthew Henry Phineas Riall, Messrs. Willans and

Robinson, Rugby.

1874. Sauvee, Albert, 22 Parliament Street, Westminster, S.W. [Sovez, London.

3133.]

1891. Savill, Arthur Slater, Exhaust Steam Injector Company, 4 St. Ann's

Square, Manchester.

1880. Saxby, John, Messrs. Saxby and Farmer, Railway Signal Works, Canterbury

Road, Kilburn, London, N.W. \_Signahnen, London. 7068.] ; and North

Court, Hassocks, R.S.O., Sussex.

1893. Saxon, Alfred, Openshaw Engineering Works, Manchester. \Saxons,

Openshaw. 959.]

1894. Saxon, George, Openshaw Engineering Works, Manchester. [Saxons,

Opensliaw. 959.]

1894. Saxon, James, Openshaw Engineering Works, Manchester. \_Sazons,

Openshaw. 959.]

1869. Scarlett, James, Messrs. E. Green and Son, 2 Exchange Street, Manchester
;

and Stamford Road, Bowdon, R.O., near Altrincham.

1890. Schofield, George Andrew, General Manager, Sicilian Railways, Palazzo

Brijuccia, Palermo, Sicily : (or care of I. D. Schofield, Oakfield,

Alderley Edge, Cheshire.)

1886. Scholes, William Henry, 1255 n/n Rivadavia, Buenos Aires, Argentine

Republic: (or care of George Scholes, Orwell House, Upton Manor,

Plaistow, London, E.)

1883. Schonheyder, William, 4 Rosebery Road, Brixton, London, S.W.

[_Schdnheyder, London.']

1880. Schram, Richard, Cannon Street House, London, E.C. [Schram, London.']
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1S90. Scliroller, William, 38 Claypath, Durham. IBidumatari, Durham.']

1886. Schurr, Albert Ebenezer, Messrs. Fry Miers and Co., Suffolk House,

5 Laurence Pountney Hill, London, E.G.

1891. Scott, Arthur Forbes, 67 Swan Arcade, Bradford.

1882. Scott, Charles Herbert, Messrs. Summers and Scott, High Orchard Iron

Works, Gloucester.

1890. Scott, Frederick McClure, 89 Victoria Street, Liverpool.

1891. Scott, F. Walter, Messrs. George Scott and Son, 44 and 46 Christian Street,

London, E. [Thirty-four, London. 4390.]

1875. Scott, Frederick Whitaker, Atlas Steel and Iron Wire Rope Works,

Keddish, Stockport. [Atlas, Reddish.']

1891. Scott, Henry John, Glendon Engine Works, Kettering. [Engine,

Kettering.]

1881. Scott, James, care of Messrs. Reid and Acutt, Smith Street, Durban.

Natal : (or Douglasfield, Murthly, Perthshire.)

1886. Scott, James, Consett Iron Works, Consett, Pi.S.O., County Durham.

1894. Scott, Robert, H. M. Mint, Calcutta, India.

1891. Scott, Robert Julian, Professor of Engineering, New Zealand University,

Canterbury College, Christchurch, New Zealand.

1861. Scott, Walter Henry, Great Western of Brazil Railway, Pemambuco,

Brazil : (or care of H. Eaton, 75 Tulse Hill, London, S.W.)

1896. Scriven, Charles, Leeds Old Foundry, Leeds.

1882. Seabrook, Alfred William, Engineer Surveyor to the Port of Bombay,

Port Office, Bombay, India.

1892. Seaman, Charles Joseph, Stockton Forge Works, Stockton-on-Tees.

[Forge, StocMon-on-Tees.]

1882. Seaton, Albert Edward, Earle's Shipbuilding and Engineering Works,

Hull.

1891. Selby, Millin, 2 Rue du Lac, Bruxelles, Belgium.

1882. Selfe, Norman, 279 George Street, Sydney, New South Wales.

1884. Sellers, Coleman, E.D., Professor of Engineering, Stevens Institute, and

Franklin Institute; 3301 Baring Street, Philadelphia, Pennsylvania,

United States.

1865. Sellers, William, Pennsylvania Avenue, Philadelphia, Pennsylvania,

United States.

189G. Sennett, Alfred Richard, The Chalet, Portinscale Road, Putney, London,

S.W.

1894. Seymour, Louis Irving, Messrs. H. Eckstein and Co., P.O. Box 149,

Johannesburg, Transvaal, South Africa.

1883. Shackleford, Arthur Lewis, General Manager, Britannia Railway-Carriage

and Wagon Works, Saltley, Birmingham.
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1884. Shackleford, William Copley, Manager, Lancaster Wagon Works,

Lancaster ; and 6 Victoria Street, Westminster, S.W.

1894. Shand, John, Heath Villa, Peterculter, Aberdeen.

1872. Shanks, Arthur, Fairmile, Cobham, Surrey.

1884. Shanks, William, Messrs. Thomas Shanks and Co., Johnstone, near Glasgow.

[Shanlis, Johnstone.']

1881. Shapton, William, Sir William G. Armstrong, Mitchell and Co., 8 Great

George Street, Westminster, S.W.

1891. Sharp, Henry, 23 College Hill, London, B.C. ; and 1 Whitehall

Gardens, London, S.W.

1895. Sharp, John Hutchinson, Messrs. Sharp, Stewart and Co., Atlas Works,

Glasgow.

1875. Sharp, Thomas Budworth, Consulting Engineer, Muntz Metal Works,

Birmingham ; and County Chambers A, Martineau Street, Birmingham.

\Budioorth, Birmingham.]

1881. Shaw, Joshua, Messrs. John Shaw and Sons, Wellington Street Works,

Salford, Manchester.

1890. Sheldon, Harry Cecil, Messrs. Boult and Wade, 63 Long Row,

Nottingham. [Boult, Nottingham, 645.]

1891. Shenton, James, Messrs. Tinker Shenton and Co., Hyde Boiler Works,

Hyde, near Manchester.

1892. Shepherd, James, Messrs. Joshua Buckton and Co., Well House Foundry,

Meadow Road, Leeds.

1861. Shepherd, John, 45 Regent Park Terrace, Headingley, Leeds.

1875. Sheppard, Herbert Gurney, Chief Engineer, Assioot-Girgeh Railway,

Assioot, Upper Egypt: (or 89 Westbourne Terrace, Hyde Park,

London, W.)

1876. Shield, Henry, Messrs. Fawcett Preston and Co., Phoenix Foundry,

17 York Street, Liverpool.

1888. Shin, Tsuneta, Director, Ishikawajima Shipbuilding and Engineering Co.,

Tokyo, Japan.

1892. Shirlaw, Andrew, Suffolk Works, Oozells Street, Birmingham. [Shirlaw,

Birmingham.]

1889. Shone, Isaac, 47 Victoria Street, Westminster, S.W.

1890. Shoosmith, Harry, 52 Mark Lane, London, E.C.

1890. Shore, Alfred Thomas, Government Inspector of Steam Boilers, Custom

House, Bombay, India.

1893. Shroff, Adurjee Burjorjee, Chief Engineer, Sassoon Spinning Mills,

Bombay, India.

1885. Shuttleworth, Alfred, Messrs. Clayton and Shuttleworlh, Stamp End
Works, Lincoln. [Claytons, Lincoln.]
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1885. Shuttlewortli, Major Frank, Messrs. Clayton and Sliuttlewortli, Stamp

End Works, Lincoln; and Old Warden Park, Biggleswade. IClaytons,

Lincoln.']

1891. Siemens, Alexander (Life Member),12 Queen Anne's Gate, Westminster,

S.W.

1871. Simon, Henry, 20 Mount Street, Manchester. [Reform, Manchester.']

1877. Simonds, William Turner (Life Member), Messrs. J. C. Simonds and Son,

Oil Mills, Boston.

1876. Simpson, Arthur Telford, Engineer, Chelsea Water Works, 38 Parliament

Street, Westminster, S.W.

1883. Simpson, Charles Liddell, Messrs. Simpson and Co., Engine Works, 101

Grosvenor Koad, Pimlico, London, S.W. [Aquosity, London.]

1885. Simpson, James Thomas, Executive Engineer, Henzada Division, Henzada,

Burma.

1882. Simpson, John Harwood, 1 Hargwyne Street, Brixton, London, S.W.

1889. Sinclair, Nisbet, 11 Randolph Gardens, Crow Road, Partick, Glasgow.

1847. Sinclair, Robert, care of Messrs. Sinclair Hamilton and Co., 17 St.

Helen's Place, Bishopsgate Street, London, E.G. [Sinclair, London.]

1891. Sinclair, Russell, Messrs. J. Wildridge and Sinclair, 97 Pitt Street, Sydney,

New South Wales.

1881. Sisson, William, Quay Street Iron Works, Gloucester. [Sisson, Gloucester.]

1872. Slater, Alfred, Gloucester Wagon Works, Gloucester.

1892. Slight, George Henry, Sub-Director of Lighthouses, Valparaiso,

Chile: (or care of George H. Slight, Sen., Brook Cottage, Ashburton,

Devonshire.)

1885. Slight, William Hooper, Messrs. W. Henderson and Co., Soerabaya,

Java: (or care of G. H. Slight, 64 Cromwell Road, Fitzhugh,

Southampton.)

1891. Sloan, Robert Alexander, Messrs. Sloan and Lloyd Barnes, Castle

Chambers, 26 Castle Street, Liverpool. [Technical, Liverpool.]

1886. Small, James Miln, Messrs. Urquhart and Small, 17 Victoria Street,

Westminster, S.W.

1889. Smelt, John Dann, Argentine Great Western Railway, 4 Finsbury Circus,

London, E.C.

1879. Smith, Charles Hubert, Board of Trade Surveyors' Office, Leith.

1860. Smith, Henry, Messrs. Hill and Smith, Brierley Hill Iron Works, Brierley

Hill ; and Summerhill, Kingswinford, near Dudley. [Fencing, Brierley

Hill]

1881. Smith, Henry, Messrs. Simpson and Co., 101 Grosvenor Road, Pimlico,

London, S.W.

1860. Smith, Sir John, Parkfield, DufReld Road, Derby.

1876. Smith, John, Wintoun Terrace, Rochdale.
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1893. Smith, John, Salford Works, Eichard Street, Birmingham. ^Profiler,

Birmingham. 2540.]

1SS3. Smith, John Bagnold, Newstead Colliery, near Nottingham.

1891. Smith, John Eeney, Messrs. Harvey and Bower, 16 Seaton Buildings,

17 "Water Street, Liverpool. [Inspecting, Liverpool. 6204.]

1890. Smith, John Windle, Messrs. Thomas Drysdale and Co., 438 Calle Moreno,

Buenos Aires, Argentine Eepublic : (or care of Edward Smith, The

"Lock," Gainsborough.)

1870. Smith, Michael Holroyd, Eoyal Insurance Buildings, Crossley Street,

Halifax ; and 47 Victoria Street, AVestminster, S.W. ^Outfall, London.']

1886. Smith, Eeginald Arthur, Messrs. Dorman and Smith, Ordsal Station

Electrical Works, Salford, Manchester.

1881. Smith, Eobert Henry, Professor of Engineering, Mason Science College,

Birmingliam ; and 124 Hagley Eoad, Edgbaston, Birmingham.

1896. Smith, Eoger Thomas, Compagnie Hydro-Electrique Anversoise, 8 Quai

Cockerill, Antwerp, Belgium.

1885. Smith, Thomas, Steam Crane Works, Old Foundry, Eodley, near Leeds.

[Tomsmith, Leeds.]

1890. Smith, Thomas Eidsdill, 10 Crown TeiTace, Anlaby Eoad, Hull.

1881. Smith, Wasteneys, 59 Sandhill, Newcastle-ou-Tyne. [Wasteneys Smith,

Neiccastle-on-Tyne. 429.]

1890. Smith, AVilliam, London and Manchester Plate Glass Co., Sutton, St.

Helen's, Lancashire.

1894. Smith, William, Eoads Bridges and Sewerage Department, Sewerage

Construction Branch, Public Works Ofl3ce, Sydney, New South Wales.

1863. Smith, William Ford, Messrs. Smith and Coventry, Gresley Iron Works,

Ordsal Lane, Salford, Manchester. [Gresley, Manchester. 564.]

1887. Smith, William Mark, District Locomotive Carriage and Wagon
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Street, London, E.G. [George Spencer, London.']

1878. Spencer, Alfred G., Messrs, George Spencer, Moulton and Co., 77 Cannon
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1885. Timmermans, FranQois, Managing Director, Socie'te anonyme des Ateliers

de la Meuse, Lie'ge, Belgium. [Soeiete Meiise, Liege.']
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Paisley.

1865. Walpole, Thomas, Messrs. Ross and Walpole, North Wall] Iron Works,
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1885. Warren, Henry John, Juu., Cornwall Boiler Works, Camborne.

1885. Warren, William, Chief Engineer, Midland Uruguay Railway, Paysandu,
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Works, Bombay, India : (or care of Messrs. Eichardson and Hewett,

101 Leadenhall Street, London, E.C.)
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London, N.
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1892. Wilkiuson, Edward R., Ellerton Lodge, Church Eud, Fincbley, London, N.

1885. Willcox, Francis "William, 45 "West Sunniside, Sunderland.

1893. "\iMlliams, Arthur Edward, Resident Engineer, Dagenham Dock,

Essex.

1883. "Williams, Sir Edward Leader, Engineer, Manchester Ship Canal Co.,

41 Spring Gardens, Manchester [Leader, Manchester. 688.] ; and The

Oaks, Altrincham.

1884. "Williams, John Begby, Central Marine Engine Works, "U'est Hartlepool.

1885. "Williams, Nicholas Thomas, General Manager, "Witwatersrand Gold Mine,

P.O. Box 1019, Johannesburg, Transvaal, South Africa.

1847. "Williams, Richard (Life Member), Brunswick House, "S^'ednesbury.

1890. "Williams, Thomas David, 16 Lancaster Road, South Norwood, Loudon,

S.E.

1881. "Williams, "^'"illiam Freke Maxwell, 29 Great St. Helen's, London, E.C.

{_Wahash, London.^

1873. "Williams, "U'ilUam Lawrence, 16 "Victoria Street, "Westminster, S."W.

[^Snoicdon, London.']

1889. "Williams, "William "Walton, .Jun., 87 Elspetli Road, New AVandsworth,

London, S.W.

1896. "Williamson, Joseph, Sao Paulo Railway, Sao Paulo, Brazil.

1883. "Williamson, Richard, Jlessrs. Richard "Williamson and Son, Iron

Shipbuilding Yard, "Workington ; and South Lodge, Cockermouth.

1878. "Wilson, Alexander, Messrs. Charles Cammell and Co., Cyclops Steel and

Iron "Works, Sheffield.

1882. "Wilson, Alexander Basil, Holywood, Belfast. IWihon, Holywood. 201.]

1884. "VMlson, James, Pacha, Chief Engineer of the Daira Sanieh, Egypt: Cairo,

Egypt.

1881. "Wilson, John, Engineer, Great Eastern Railway, Liverpool Street Station,

London, E.G. {^Wilson, Eastern, London.']

1863, "Wilson, John Charles, 39 Victoria Street, "U'estminster, S."W.

1892. "Wilson, John Charles Grant, Locomotive Superintendent^ Manila Railway,

Manila, Philippine Islands.

1879. Wilson, Joseph William, Principal of School of Practical Engineering,

Crystal Palace, Sydenham, London, S.E.

1890. Wilson, Joseph William, Jun., Vice-Principal of School of Practical

Engineering, Crystal Palace, Sydenham, London, S.E.

1880. Wilson, Robert, 10 St. Bride Street, London, E.C. ; and 7 St. Andrew's

Place, Regent's Park, London, N.W.

1883. Wilson, Robert, F.R.S.E., 13 Victoria Street, Westminster, S.W.

1890. Wilson, Robert James, care of Thomas Wilson, The Firs, MusweHHill,

London, N.

\
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1891. Wilson, Thomas, Morro Foundry, Iquique, Chile.
1873. AVilson, Thomas Sipling, Messrs. Holroyd Horsfield and Wilson, Larchfield

Foundry, Hunslet Koad, Leeds.
ISSS. Wilson, Walter Henry, Messrs. Harland and Wolff, Belfast
ISSl. Wilson, Wesley William, Messrs. A. Guinness Son and Co.. St. James'

Grate Brewery, Dublin.

IS91. Wimshurst, James Edgar, Messrs. William Esplen, Son, and Swainston.
Bilhter Buildings, 22 Billiter Street, London, E C

1S90. Winder, Charles Aston, Messrs. Winder Brothers, Royds Works
Attercliffe, Sheffield.

188(3. Windsor, Edwin Wells, 1 Eue du Hameau des Brouettes, Eouen
r ranee.

'

1890. Wingfidd, Digby Charles, 61 Parliament Hill Eoad, Hampstead, London,

1887. Winmill, George, Locomotive and Carriage Superintendent, Oudh and
Eohilkund Railway, Lucknow, India: (or Harewood, Junction Eoad
Romford.) '

1872. AVise, William Lloyd, 46 Lincoln's Lm Fields, London, W.C. [Llo.d Wi<e
London. 65378.]

' '

1SS4. Withy, Henry, Messrs. Furness Withy and Co., Middleton Ship Yard
West Hartlepool. [Withy, West Hartlepool. 4.]

1878. Wolfe, John Edward, Sunderland and Soutli Shiekls Water Co
16 Fawcett Street, Sunderland.

'

1878. Wolfenden, Robert, Eevenue Cutter "Ling Feng." care of Commissioner
of Customs, Shanghai, China : (or 25 Grafton Street, Moss Side.
3Ianchester.)

1S8S. Wolff, Gustav William, M.P., Messrs. Harlaud and Wolff, Belfast.
1881. Wood, Edward Malcolm, 3 Victoria Street, Westminster, S.W
1887. AVood, Henry, Messrs. John and Edward Wood, Victoria Foundry

Bolton.
•'

'

1880. Wood, John Mackworth, Engineer's Department. New Eiver Waterworks
Clerkenwell, London, E.C.

'

1868. Wood, Lindsay, Mining Engineer, SouthliiU, near Chester-le-Street
1884. Wood, Sidney Prescott, Semaphore Iron Works, Newport, Melbourne

Victoria: (or care, of H. W. Little, Messrs. McKenzie and Holland,'
Vulcan Iron Works, Worcester.)

1890. Wood, Thomas Eoyle, care of Samuel Bash, 1663 Avenida Montes de Oca
Buenos Aires, Argentine Eepublic : (or care of William Wood, 28 Hyde'
Grove, Chorlton-on-Medlock, Manchester.)

1896. Wood, Walter Chapman, care of Messrs. J. Buchheister and Co.
Shanghai, China.

''
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1890. Wood, William, 37 Wolfiugton Eoad, West Norwood, Loudon, S.E.

1882. Woodall, Corbet, Palace Chambers, 9 Bridge Street, Westminster, S.W.

1894. Woods, William Henry, Messrs. Hamilton Woods and Co., Liver Foundry

and Engine Works, Ordsal Lane, Salford, Manchester. [_SIuice,

Manchester. 1962.]

1S95. Wordingham, Charles Henry, Electric Light Station, Dickinson Street,

Manchester.

18S7. Worger, Douglas Fitzgerald, Assistant Engineer, Southwark and Yauxhall

Water Works, Southwark Bridge Eoad, London, S.E.

1S93. Wormald, Henry, Kesident Engineer, Ackton Hall Colliery, Feathcrstone,

near Pontefract.

1874. Worsdell, Thomas William, Stonycroft, Arnside, near Camforth.

1894. Worsdell, Wilson, Locomotive Superintendent, Xorth Eastern Eailway,

Gateshead.

1877. Worssam, Henry John, Messrs. G. J. Worssam and Son, Wenlock Eoad,

City Koad, London, N. IMassroic, London. 6656.]

1886. Worthington, Charles Campbell, Messrs. Henry K. Worthington, Hydraulic

Works, 145 Broadway, Xew York, United States: (or care of the

AVorthingtou Pumping Engine Co., 153 Queen Victoria Street, London,

E.C.)

1888. Wortliington, Edgar, Messrs. Beyer Peacock and Co., Gorton Foimdry,

Manchester; and Mill Bank, Bowdon, near Altrincham.

1860. Worthington, Samuel Barton, Consulting Engineer, 33 Princess Street,

Manchester ; and Mill Bank, Bowdon, near Altrincham.

1881. Wrench, John Mervyn, Chief Engineer, Indian Midland Eailway,

Jhansi, N.W. Provinces, India.

1876. Wright, James, Messrs. Ashmore Benson Pease and Co., Stockton-on-

Tees, [Wright, Gasholder, StocMon. 12.]

1867. Wright, John Eoper, ^Messrs. Wright Butler and Co., Elba Steel Works,

Gower Eoad, near S-wansea.

1859. Wright, Joseph, Metropolitan Eailway- Carriage and Wagon Co.,

Saltley Works, Birmingham ; and The Gresham Club, London, E.C.

1895. Wright, William, 16 Great George Street. Westminster, S.W. ; and Dudley,

8 Louvaine Eoad, Xew Wands-worth, Loudon, S.W.

1871. Wrightson, Thomas, ^Messrs. Head Wrightson and Co., Teesdale Iron

Works, Stockton-on-Tees.

1891. Wroe, Joseph, 26 Park Avenue, Manchester, S.E.

1891. Wylde, Thomas, P. O. Bos 1048, Joliannesburg, Transvaal, South

Africa ; and care of Messrs. F. A. Eobiuson and Co., 54 Old Broad

Street, London, E.C.

1886. Wj'lie, James, 218 Alfreton Eoad, Nottingham.
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1S95. Wylie, Jolm Condie, Appantoo Gold Mining Co., Axim, Gold Coast
Colony

: (or Pendarves Eoad, Camborne.)
1865. Wyllie, Andrew, 1 Leicester Street, Southport.
1877. Wyvill, Frederic Christopher, 19 East Parade, Leeds.

1889. Yarrow, Alfred Fernandez, Isle of Dogs, Poplar, London, E
1895. Yarwood, William James, Works Manager, Eiver Weaver Navigation,

Northwich.

1881. Yates, Louis Edmund Hasselts, District Locomotive and Carriage
Superintendent, Eastern Bengal State Eailway, Saidpore, Bengri,
India: (or care of Kev. H. W. Yates, 98 Lansdowne Place, Brighton )

1880. York, Francis Colin, Locomotive Superintendent, Buenos Aires and
Pacific Eailway, Junin, Buenos Aires, Argentine Eepublic : (or care
of W. Hannay, 18 Portland Street, Leamington.)

1889. Young, David, 11 and 12 Southampton Buildings, London, W.C.
IJunkring, London.']

1879. Young, George Scholey, Engineer, Thames Iron Works, Orchard Yard
Blackwall, London, E.

'

1874. Young, James, 19 Weutworth Place, Newcastle-on-Tyne.
1892. Young, Eobert, Engineer and Manager, Penang Steam Tramways,

Penang, Straits Settlements.

189i. Young, Smelter Joseph, Messrs. Spear and Jackson, ^tna Works Savile
Street East, Sheffield.

1887. Young, William Andrew, Messrs. Lobnitz and Co., Eenfrew, near Paisley
ILolnitz, Renfreio. 57, Paidey.-]; and Millburn House, Eenfrew, near
Paisley.

1881. Yoimger, Eobert, Messrs. E. and W. Hawthorn Leslie and Co., St. Peter's
Works, Newcastle-on-Tyne.
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1896. Abadv, Jacques, Messrs. Alexander Wright and Co., 19 and 21 Old Queen

Street, "Westminster, S.W.

1896. Abella, Juan, Director General of Public Lighting, 691 Calle Bolivar,

Buenos Aires, Argentine Republic.

1896. Adams, George, 55 Victoria Street, Westminster, S.W.

1895. Ahrons, Ernest Leopold, Managing Engineer of Technical School, Ecole

Khe'diviale d'Arts et Metiers, Cairo, Egypt.

1890. Alderson, George Alexander, Xorland House, Ramleh, Alexandria, Egypt.

1894. Almond, Jlichael, District Locomotive Lispector, Cape Government

Railways, Queenstown, South Africa: (or care of Robert Almond, 21

Hawthorn Road, South Gosforth, Newcastle-on-Tyne.)

1894. Ambler, Frank, Assistant Resident Engineer, Alagoas Railway, Maceio,

Brazil.

1895. Armstrong, George Edwin, Municipal Technical School, York Place,

Brighton.

1889. Ashford, John, Engineering Department, Northampton Institute,

Clerkenwell, London, E.C.

1896. Atkinson, Frederic, Albert Buildings, 49 Queen Victoria Street, London,

E.C. \_Fixed, London.']

1894. Aveline,William Rebotier, Messrs. George Gahagan and Co., Bellasia Road,

Byculla, Bombay, India.

1896. Barba, Alfonso G., Messrs. J. and G. Thomson, Clydebank, Glasgow;

and 3 Craignethan Gardens, Partick, Glasgow.

1896. Barker, Arthur Henry, 62 Alderney Street, Ecclestou Square, London, S.W.

1893. Barker, Frederic William, 33a Hammersmith Broadway, London, W.

[Earlier, Broadway, Hammersmith.'] ; and 28 Prebend Gardens, Chiswick,

London, W.

1895. Barnes, James, 75 Dickenson Road, Eusholme, Manchester.

1894. Baron, Francis Edward, Great Horseless CaiTiage Co., Motor Mills,

Coventry.

1896. Baron, James Thomas, Resident Engineer, St. Pancras Electricity and

Public Lighting Departm<'nt, 47 Stanhope Street, London, N.W.

1896. Barton, Andrew, care of W. Dutf Bruce, 17 Victoria Street, Westminster,

S.W.

1893. Beazley, Ernest, care of IMessrs. Antonio Giorgi and Co., Funchal,

Madeira.
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1895. Bennis, Alfred "William, Messrs. E. Bennis and Co., I>ancashire Stoker

Works, Deansgate Foundry, Bolton.

1893. Bishop, Henry, 3S Gresliam Street, Lincoln.

1895. Blaxter, Au^stus Pearce, Jun., Messrs. Barnett and Foster, Niagara

"Works, Eagle "Wharf Eoad, New North Koad, London, N.

1896. Blumfield, Thomas William, 11 Wren Street, Coventry.

1896. Bosley, Walter Joseph, Eesident Engineer, Guildford Main Drainage

OutfaU Works, Stoke-by-Guildford.

1895. Boulden, Frederick, The Technical Scliool, St. George's Square,

Sheffield.

1896. Bremner-Davis, William Joseph, 6 Heald Place, Moss Lane East,

Manchester.

1892. Bromly, Alfred Hammond, care of Thomas Hammond, Stanwell Street,

Colchester.

1895. Bruce, Robert Arthur, Brennan Torpedo Factory, Chatliam.

1893. Burden, Alfred George, Messrs. Tangyes, P. 0. Box 818, Johannesburg,

Transvaal, South Africa : (or care of George N. Burden, Oakfield,

Teignmouth.)

1895. Burn, George Francis, The Technical School, Cookridge Street, Leeds.

1890. Bume, Edward Lancaster, Messrs. Dickinson and Burne, Church Acre

Iron Works, Guildford.

1896. Butcher, Malcolm Henry, Messrs. F. A. Robinson and Co., 54 Old Broad

Street, London, B.C.

1891. Buttenshaw, George Eskholme, Messrs. Guest and Chrimes, Brass Works,

Rotherham.

1896. Carolin, Edward Marlay, P. 0. Bos 80, Bloemfontein, Orange Free State,

South Africa.

1895. Carver, Charles Frederick, Alfred Street Machine Works, Nottingham.

\_Carver, Nottingham^

1895. Challenger, Godfrey Richard, Messrs. John Jameson and Son, Bow Street

Distillery, Dublin.

1896. Clare, Ernest, care of Sidney Straker, 139 Cannon Street, London, E.G.

1894. Clark, James Lester, Messrs. Clark and Alton, 102 Fenchurch Street,

London, E.C. [^Channeled, London.']

1895. Clatworthy, Walter Angove, 29 Lily Avenue, Jesmond, Newcastle-on-

Tyue.

1894. Collis, Alfred Edward, Lincoln Science School, Monk's Road, Lincoln.

1896. Comerford, Edward, Laragh, "Victoria Park, Wavertree, Liverpool.

1896. Conradi, Julius Samuel, Me3srs. John I. Thornycroft and Co., Church

Wharf, Cliiswick, London, W.
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1890. Cooper, Tliomas, Cox Thermo Electric Co., St. Albans; and Spring

Valley, Beaconsfleld Eoad, St. Albans.

1895. Corby, Matthew, ^lessrs. Thomas Firth and Sons, Norfolk Works,

Sheffield ; and 160 Hagley Koad, Birmingham.

1893. Corkhill, "William, Manager, Shalimar Engineering and Shipbuilding

Works, Calcutta, India.

1894. Coventry, Theodore, 3Iessrs. Smith and Coventry, Gresley Iron Works,

Ordsal Lane, Salford, Manchester. [^Gresley, Manchester. 564.]

1893. Cowell, John Ray, P.O. Box 2141, Johannesburg, Transvaal, South Africa.

1895. Cowie, William, Lidgerwood Manufacturing Co., Soerabaya, Java.

1896. Cox, Edvrard Henry, De la Vergne Eefrigerating Machine Co., Foot of

East 138th Street, Xew York, United States.

1887. Crosland, Delevante William, 22 Eoyal Crescent, Kensington, London, W.

1895. Cast, Leopold, Gas Traction Co., 22 Chancery Lane, London, E.C. ; and

99 Onslow Square, London, S.W.

1894. Dadina, Hormuz Minocher, Consulting Engineer, Khetwady, Bombay,

India.

1894. Davey, Edward Ernest George, 15 Westmoreland Street, Marylebone.

London, W.

1896. Davidson, John McKenzie, Messrs. McKenzie and Co., Karachi, India.

1896. Davis, Francis Myddleton, Works ^Manager, Messrs. E. and T. Elworthy,
'

Eli2;abethgrad, Eussia.

1896. Dawson, Philip, 39 Victoria Street, Westminster, S.W.

1890. Day, Arthur Godfrey, Director of Studies, Science Ai-t and Technical

Schools, Guildhall, Bath.

1894. Dickinson, Harold, Central Electric Lighting Station, Yorkshire House

to House Electricity Co., Whitehall Eoad, Leeds. [Electricity, Leeds.

1013.]

1896. Dossor, Herbert, Babcock and Wilcox Co., 147 Queen Victoria Street,

London, E.C.

1891. Douglass, Alfred Edwards, South Staffordshire Water Works, Paradise

Street, Birmingham.

1896. Dowson, Erasmus Charles Head, Northey Manufacturing Co., Toronto,

Ontario, Canada.

1895. Dronsfield, James, Messrs. Dronsfield Brothers, Atlas Works, Oldham,

1895. Dubrule, Louis Henri Jean Baptiste, Messrs. Dujardin and Co., Lille,

France,

1895. Dumas, Eobort, Messrs. Siemens Brothers and Co., Woolwich.

1895. Duncan, William, Locomotive Department, Cape Government Eailways,

Uitenhage, Cape Colony.
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1895. Duun, Matthew, Manager, Gas "Works, Selby.

1894. DimoUy, Alan, Farley, Keigate.

1894. Eastmead, Frederic James, Messrs. Moffatt and Eastmead, 39 Victoria

Street, Westminster, S.W. lHoisticay, London,']

1892. Edgcome, James Edmund, Resident Engineer, Electric Light Station,

Kingston-on-Thames.

1893. Edmondson, Alfred Eichard, Central Board School, Deansgate, Manchester.

1891. Edwards, Herbert Francis, Messrs. Forstcr Brown and Eees, Guildhall

Chambers, CarditF.

1895. Fawcett, Percy William, Whirlow Court, Sheffield.

1894. Fendick, Walter, Gas Works, Hemel Hempstead.

1896. Fforde, William John, 2 Glenview Terrace, Springfield Koad, Belfast.

1894. Finlayson, David, Burnhead, Larbert, Stirlingshire.

1896. Firth, John, Municipal Technical Schools, Hull; and 7 All Saints'

Street, Hull.

1894. Fitz-Gerald, John Frederick Gerald, care of El Seiior Ingeniero,

Departamento de Vias y Obras F.C.S., Buenos Aires, Argentine

Eepublic.

1895. Fleischer, Paul, Messrs. A. Guinness, Son and Co., St. James' Gate

Brewery, Dublin.

1892. Fletcher, Joseph Ernst, Messrs. Charles Cammell and Co., Cjxlops

Works, Sheffield.

1895. Forbes, George Chichester, 4 Chester Crescent, Newcastle-on-Tyne.

1895. Foster, Edward Hornby, Messrs. John Foster and Son, Black Dike

Spinning Mills, Queensbury, near Bradford.

1896. Fowler, Henry, Lancashire and Yorkshire Eailway, Horwich, near Bolton.

1896. Eraser, Frank Hazell, Messrs. W. J. Eraser and Co., 98 Commercial Eoad

East, London, E. [_Fraser, Encjineer, London. 4413.]

189G. Galle, William Alexandre, Locomotive Works, Manchester Sheffield and

Lincolnshire Eailwaj', Gorton, Manchester.

1890. Garratt, Herbert Alfred, Northern Polytechnic Institute, Holloway Eoad,

London, N.

1896. Garratt, James Herbert, Messrs. Whittall and Co., Colombo, Ceylon.

189G. Garrett, Fasten, 186 San Martin, Buenos Aires, Argentine Eepublic.

1896. Given, Ernest Cranston, Messrs. Priestman and Co., Philadelphia,

Pennsylvania, United States ; and The Lodge, Aigburth, Liverpool.

189G. Goife, Edward, De Beer's Consolidated Mines, Kimberley, South Africa.

1890. Grant, William, care of A. Basil Wilson, Martello Terrace, Holywood,

Belfast.
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1S96. Gray, Alexander Cutbill, Messrs. Campbell ami Hall, Ol Broomielaw,

Glasgow.

1895. Greene, "William Spencer Clayton, 33 Norfolk Street, Strand, London,

W.C. ; and 47 Edwardes Square, London, W. {^Shipicorm, London.']

1893. Gritton, Joseph, P. O. Box 1798, Johannesburg, Transvaal, South Africa :

(or 97 Highbury Quadrant, London, N.)

1895. Groundwater, Samuel, Messrs. S. C. Farnham and Co., Old Dock;

Shanghai, China.

1 895. Groves, Montague, Moore's Rhodesia Concession, Salisbury, Mashonaland,

South Africa.

1894. Hadengue, Charles Benjamin, Messrs. Carew and Co., Kosa Sugar Works.

Rosa, North Western Provinces, India.

1895. Haines, Charles James, Southampton Water Works, Otterboume, near

AVinchester.

1896. Hall, Benjamin James, 39 Victoria Street, Westminster, S.W.

1894. Hall, Robert Frederick, Femdale, Church Road, Moseley, Birmingham.

1894. Hardy, William, Woodview, Bessbrook, County Armagh, Ireland.

1894. Harris, Herbert Nelson, St. Michael's Foundry, Bridport.

1896. Hawes, David Marc Andrew Graham, Messrs. Joseph J. Byers and Co.,

40 King Street, Cheapside, London, E.C.

1S96. Heath, Charles Lewis Eclair, Municipal Technical School, 8Q Osborne

Street, Hull.

1894. Henderson, Arthur James, 2 Lombard Court, Gracechurch Street, London,

E.C.

1896. Hill, Thomas, Spoutmouth, Gallowgate, Glasgow. [Specify, Glasgoic.

4758.]

1895. Hockley, Norman Julius, Engineer, Corporation Electricity Works,

Burton-on-Trent.

1896. Hollingsworth, Edward Massey, Corporation Gas Works, Wan-ington

Old Road, St. Helen's, Lancashire.

1895. Homer, Joseph Gregory, 17 Yernon Terrace, Twerton-on-Avon, Bath.

1895. House, Henry A., Jun., Manager, Liquid Fuel Engineering Co.,

Columbine Ship Yard, East Cowes, Isle of Wight.

1894. Hyde, George Herbert, Managing Engineer, Colombo Commercial Co.,

Colombo, Ceylon.

1896. Iden, George, London Brighton and South Coast Railway Works,

Brighton.

1895. Ingham, William, Water Engineer, Torquay.

1896. Issigonis, George Demos, The D. Issigonis Works, Smyrna, Turkey

in Asia.
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1893, Jenkin, Charles James, Council Offices, Willenliall, "Wolverlifiuipton.

1S96. Johnson, Andrew, 120 Nithsdale Road, Glasgow.

1896. Jones, Thomas Gilbert, The Technical School, Mount Pleasant, Swansea.

1895. Kennedy, Robert Baird, Fish Dock Road, Grimsby.

1896. Kerr, Alfred Ernest Campbell (Jjife Associate Member), The School of

Mines, Ballarat, Victoria.

1893. Kershaw, Thomas, Technical School, Huddersfield.

1894. Kerslake, Walter Edmund, 34 Great George Street, Liverpool.

1893. Kirk, Percy Roebuck, Seafield Park, Crofton, Hants.

1895. Larard, Charles Edward, Battersea Polytechnic Institute, Battersea,

London, S.W.

1896. Lawson, Harry John, 40 Holborn Viaduct, London, E.C.

1893. Lea, Arthur Henry, Messrs. Lea and Warren, Kettering.

1895. Longbottom, John Gordon, 11 Grassington Terrace, Keighley.

1896. Lovell, Samuel George, care of W. G. Walker, 47 Victoria Street,

Westminster, S.W.

1896. Malloch, William Farquhar, P.O. Box 2303, Johannesburg, Transvaal,

South Africa.

1896. Mansfield, Alfred, Manager, Messrs. P. Orr and Sons, Mount Road,

Madras, India.

1894. Mansfield, Edwm Albert, 1 Aldermaubury Buildings, London, E.C.

1893. Manton, Arthur Woodroife, Central London Railway, 7 Holland Park

Avenue, London, W.

1896. Martin, George Best, Works Manager, British Tube Co., Cornwall Road,

Smethwick, Birmingham.

1895. Massey, Leonard Fletcher, Messrs. B. and S. Massey, Openshaw,

Manchester. [^Masseys, Openslmio. 300.]

1896. McCormack, William John, 29 Bow Lane, Cannon Street, London, E.C-

1894. McGeorge, James, Bombay Burmah Trading Corporation, Rangoon,

British Burmah, India.

1891. McMeekin, Adam, Cogry Flax Spinning Mills, Doagh R.S.O., Co. Antrim,

Ireland.

1895. Messer, Edgar Harrisson, P.O. Box 1940, Johannesburg, Transvaal, South

Africa : (or care of John Messer, Danbury, Alexandra Road, Reading.)

1894. Mills, Arthur Edwin, 4 Victoria Terrace, Clifton, Bristol.

1893. Mitchell, James Frederick Bruce, Messrs. J, F. B. Mitchell and Co.,

Mazagon Iron Works, Bombay, India.

1896. Mitton, Thomas Evans, Messrs. Hunt and Mitton, Crown Brass Works,

Oozells Street North, Birmingham. \_Mitton, Birmingham. 394.]
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lS9i. Monckton, Charles John, Superintendent Engineer, Messrs. T. H. Saunders

and Co., Darenth Paper 3Iill, near Dartford.

189G. Moncrieflf, Kobert Wighton, Brafield, Northampton.

1895. Moore, Thomas Lamb, Messrs. James Moore and Sons, Millfield Foundry,

Belfast. [Jibo)-e, MiJlfield, Belfast. 466.]

1893. Mountain, Benjamin, Blenheim Square, Leeds.

1895. Mouut-Haes, Andrew, 84 Tieruey Eoad, Streatham Hill, London, S.W.

1893. Moylan, William Morgan, care uf Messrs. Grindlay and Co., Calcutta,

India.

189i. Murphy, Edward Owen, K.N.E., Chief Engineer, K.M.S. "Empress of

Japan," Vancouver, British Columbia.

1889. Nasmith, Joseph, 61 Barton Arcade, Manchester.

1895. Nesbit, David Mein, Messrs. Ashwell and Nesbit, 12 Great James Street,

Bedford Kow, London, W.C. [Flaterack, London.'] ; and Victoria

Foundry, Leicester.

1896. New, Alfred Wilmot, Renwick Chambers, Sylvester Street, Coolgardie,

"Western Australia.

189G. New, David James, care of Messrs. D. New and Co., 28 Devonshire

Chambers, Bishopsgate Street Without, London, E.G.

1896. Newell, Ernest, Messrs. Edward Eipley and Sons, Bowling Dye Works,

Bradford.

1896. NichoUs, Percy, General Electric Co., Peel Works, Salford, Manchester.

189 1. North, Horace, St. George's Engineering Works, Trafalgar Street, Brighton.

1896. Parker, John, Messrs. E. Green and Son, 2 Exchange Street, Manchester.

1896. Patel, Motibhai Bhikhabhai, Bhadran, near Borsad, India.

1896. Patel, Eaojibhai Motibhai, Principal, Kala-Bhavan, Baroda, India.

1893. Paterson, Eobert Mair, 78 Broadhurst Gardens, Hampstead,.London, N.W.

1896. Pendred, Louglman St. Lawrence, 33 Norfolk Street, Strand, London, W.C.

1895. Peun, William Cooper, 15 Victoria Street, Westminster, S.W. [Penniform,

London. 3075.]

1893. Pertwee, Herbert Arthur, Messrs. Elliott's Metal Co., Pembrey Copper

Works, Burry Port, E.S.O., Carmarthenshire.

iS95. Phillips, Exham, Crescent Iron Works, Salford, Manchester; and

Eostellan, AVorsley, Manchester.

1891. Pirrie, John Barbour, Barn Flax Spinning Mills, Carrickfergus, Co. Antrim,

Ireland.

1896. Pollard, Ferdinand Joseph, P.O. Box 2485, Johannesburg, Transvaal,

South Africa.
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1894. Poppleton, Clement Francis, S Clifden Eoad, Clapton, London, X.E.

1895. Powell, Benjamin Newton, Manager, Lidgerwood Manufacturing Co.,

Soerabaya, Java : (or care of C. T. Powell, Cherry Street, Birmingham.)

1887. Price-Williams, John Morgan, 28 Ormiston Eoad, Westcombe Park.

Blackheath, London, S.E.

1896. Pritchard, Hugh, Dinorwic Slate Quarries, Llanberis, near Carnarvon ;

and 14 Terfyn Terrace, Port Dinorwic, near Bangor.

1895. Pugh, Charles A'ernon, 34 Spon Street, Coventry.

1895. Pullar, Albert Evans, PuUar's Dye Works, Perth.

1894. Ealeigh, Charles, 32 Eandolph Gardens, Maida Yale, London, W.

1896. Kayner, Harry Stafford, Dowson Economic Gas and Power Co., 39 Old

Queen Street, Westminster, S.W. ; and 68 Norroy Eoad, Putney,

London, S.W.

1893. Eichey, William Frederick Albert, Messrs. Chance Brothers and Co.,

Lighthouse Works, near Birmingham.

1895. Eidley, Clarence Oliver, Sir W. G. Armstrong, Mitchell and Co.,

S Great George Street, Westminster, S.W.

1896. Eieter, E. Henry, Messrs. J. J. Eieter and Co., Winterthur, Switzerland.

1893. Eoberts, Charles Thomas, 19 and 23 Chorlton Chambers, Johannesburg,

Transvaal, South Africa. [Boberts, Engineer, Johannesburg.']

1895. Eoss, Ernest Sydney, Inspection of Machinery Department, Macquarie

Street, Hobart, Tasmania.

1894. Eossiter, James Thomas, Tynwald, Grove Park Eoad, Chiswick,

London, W.

1896. Eothery, William Brockbank, The Muirlands, Kirkby-in-Furness,

Lancashire.

1894. Eowe, Daniel, care of Mrs. Eowe, Mount Ambrose, Eedruth.

1896. EufHe, Frank Felingham, Messrs. A. J. Bolton and Co., Jackson Ghat

Street, Calcutta, India.

1895. Eussell, Frederick, Manager, Gas Works, Bexhill-on-Sea.

1894. Sails, Henry Eodolph de. Ivy Lodge, Iver Heath, near Uxbridge.

1896. Samuel, Blelock Lee, Grahamston Foundry and Engine Works, Barrhead,

near Glasgow.

1896. Sangster, Charles, Works Manager, Cycle Components Manufacturing

Co., Bournbrook, Birmingham.

1896. Seanlan, Horace Edward, Beaconsfield, Longfleet, Poole.

1893. Schloesser, Eobert, care of Messrs. Leman and Co., .^1 Lincoln's Inn Fields,

London, W.C. : (or care of Adolf Schloesser, 185 Sutherland Avenue,

London, AV.)
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1893. Segundo, Edward Carstensen de, 28 Victoria Street, Westminster, S.W.

1892. Sejnmour, William Frederick Earl, Engineer's Office, Great Western

Kailxvay, Swindon.

1891. Smith, Joseph Philip Grace, Polytechnic School of Engineering,

309 Eegent Street, Loudon, W.

1894. Smith, William Arthur, Midland Arches, Northampton ; and 18 Albion

Place, Northampton. \^Machinery, Northampton.']

1891. Snell, John Francis Cleverton, Borough Electrical Engineer, Corporation

Electricity Station, Sunderland.

1896. Stewart, Charles Nigel, 39 Victoria Street, Westminster, S.W. [Quiesce^it,

London.]

1896. Stobart, Henry Gervas, Wolsingham Steel Works, Wolsingham, near

Darlington.

1893. Stockton, Joseph Sadler, Works Manager, Loughborough Cycle and

Engineering Works, Mill Street, Loughborough.

1894. Stone, Sidney, Metropolitan Eailway-Carriage and Wagon Works,

Saltley, Birmingham.

1896. Sutherland, James, Manager, Alumina Factory, Larne Harbour, County

Antrim, Ireland. [^Aluminium, Larne Harbour.]

1894. Sutton, Hugh Pieginald, Messrs. Mackies, Berks Iron Works, Caversham

Eoad, Beading, \_Macldes, Beading. SQ.]

1896. Swallow, John, Messrs. W. Neill and Son, Bold Iron Works, St. Helen's

Junction, Lancashire. INeiU, St. Helen's. 20.]

1887. Tabor, Edward Henry, Mill House, Worsley, Manchester.

1893. Takateuji, Narazo, Superintending Engineer, Calico Weaving Mill, Osaka,

Japan.

1895. Takimiu^, Takeo, General Manager, Osaka Cotton Mill, Osaka, Jajian.

1893. Talbot, Frederick William, Engineer and Manager, Water Works,

Frimley Green, Farnborough, Hants.

1894. Taylor, William, Messrs. Taylor, Taylor, and Hobson, Slate Street Works,

Leicester. [^Lenses, Leicester. 134.]

1893. Tenney, Dennis, Messrs. Marshall Sons and Co., Britannia Iron Works.

Gainsborough.

1893. Thomasson, Lucas, Cotlands, London Colney, St. Albans.

1896. Thompson, Thomas, General Manager, Australasian Gold Trust, Lindsay

Street, Coolgardie, Western Australia : (or care of Alfred Thompson

20 Bucklersbury, London, E.C.)

1894. Thomson, Henry, Engineer, Cawnpore Woollen Mills, Cav^mpore, India.

1893. Thomson, James Watson, Kobert Gordon's College, Aberdeen.

1894. Thorpe, Walter Charles, Messrs. Goddard, Massey and Warner, Traffic

Street, Nottingham.
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1895. Threlfall, George, 50 Fenchurch Street, London, E.G. [Gasify, London.']

1893. Tomes, William Jameson, Oakfield, Belle Vue, Shrewsbury.

1893. Tomlinson, William Augustus, P.O. Bos 1978, Johannesburg, Transvaal,

South Africa: (or care of John Tomlinson, Birthorpe Manor,

Folkingham.)

1896. Traflford, Alfred, Albion Lamp Works (Rippingille's), Birmingham.

1893. Turner, Henry Arthur, care of Arthur Koppel, 96 Leadenhall Street.

London, E.G.

1896. Turner, James William, Messrs. George Smith and Go., 13 Gommercial

Eoad, Pimlico, London, S.W.

1896. Umney, Herbert Williams, Professor of Engineering, McGill University,

Montreal, Canada.

1896. Vallint, Frank William, Superintendent, Mullicks Ghat Pumping Station,

Calcutta Water Works, Calcutta, India.

1896. Vernon, William Harry, Messrs. E. Green and Son, AVakefield.

1893. Walker, Charles Christopher, Messrs. Walker, Eaton and Co., Wicker Iron

Works, Sheffield. [Founder, Sheffield. 376.]

1895. Wasdell, Abel, Superintendent, Water Works, Allahabad, India.

1894. Wasdell, Thomas, Jun., Water Works Road, Edgbaston, Birmingham.

1893. Watson, George, 39 Victoria Street, Westminster, S.W. [Meterage,

London.']

1893. Wells, Sidney Herbert, Principal, Battersea Polytechnic Institute,

Battersea, Loudon, S.W.

1895. West, Charles Herbert, 5 Castle Street, Liverpool. [Beferee, Liverpool.

5223.]

1895. Wild, Adamson George, care of W. S. Laycock, Victoria Street Works,

Sheffield.

1893. Wilkins, George Cornelius, Messrs. Samuelson and Co., Britannia Iron

Works, Banbury.

1892. Williams, Arthur Edward, Messrs. Nelson Brothers, Nelson's Wharf,

Lambeth, London, S.E.

1895. Williams, Henry Watson, Essex Street, Fremantle, Western Australia.

1889. Willis, Edward Turnley, Hockley Hall and Whateley Colliery, Tamworth.

1890. Winmill, Hallett, P.O. Box 1161, Johannesburg, Transvaal, South Africa:

(or care of C. C. Winmill, 114 Main Road, Bexley Heath, S.O., Kent.)

1896. .Winston, Harold Holmes, Messrs. Waterlow and Sons, Finsbury, London

E.G.
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1896. Wiseman, Alfred, Messrs. Kobey and Co., Globe Iron Works, Lincoln; and

45 Princess Koad, Edgbaston, Birmingham.

1S95. Wort, Walter Edward, Liquid Fuel Engineering Co., Columbine Ship

Yard, East Cowes, Isle of Wight.

1889. Wright, Howard Theophilus, Great George Street Chambers, Westminster,

S.W. [Heaterite, London. 3248.]
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1880. Alleu, William Edgar, Imperial Steel Works, Cross George Street,

Sheffield.

1881. Barcroft, Hemy, Bessbrook Spiuniug Works, County Armagh, Ireland; and

The Glen, Newry, Ireland.

1889. Ban, John, The Glenfield Engineering Works, Kilmarnock.

1886. Bennison, William Clybm-n, Messrs. Samuel Osborn and Co., Clyde Steel

and Iron Works, Sheffield ; and 38 Wellington Street, Higher Broughton,

Manchester.

1896. Bentley, Wallace, Koyal Insurance Buildings, Crossley Street, Halifax.

1890. Birch, John Grant, 10 and 11 Queen Street Place, London, E.G.

1892. Bowman, Frederic Hungerford, D.Sc, F.K.S.E., Mayfield, Knutsford.

1888. Brown, Harold, Messrs. Linklatcr, Hackwood, Addison and Brown, 2 Bond

Court, Walbrook, London, E.C.

1890. Burt, John Mowlem, Messrs. John Mowlem and Co., 19 Grosvenor Road,

Pimlico, London, S.W,

1891. Carter, Frederick Heathcote, 9 Oxford Street, Manchester. [Girder,

Manchester.^

1889. Castle, Frederick George, East London Technical College, People's

Palace, Mile End Eoad, London, E.

1889. Chamberlain, John George, Messrs. Joseph Wright and Co., Neptune

Forge, Tipton.

1888. Chrimes, Charles Edward, Messrs. Guest and Chrimes, Brass Works,

Rotherham.

1890. Chubb, Richard, Messrs. Gillison and Chadwick, 10 Tower Buildings,

Liverpool.

1893. Clarke, Edward Fuhrmaun, Curzou Chambers, Paradise Street,

Birmingham ; and 59 Stanmore Road, Edgbaston, Birmingham.

1879. Clowes, Edward Arnott, Messrs. AVilliam Clowes and Sons, Duke Street,

Stamford Street, London, S.E. [Clowes, London. 4558.]

1895. Cole, James Conrad, Messrs. Perkin and Cole, 29 Great George Street,

Westminster, S.W.

1892. Cooper, Thomas Lancelot Reed, 27 Bothwell Street, Glasgow.

1894. Cowles, Lieut.-Commander William S., U.S.N., 123 Victoria Street,

Westminster, S.W.

1892. Cryer, Arthur, University College, Cardiff.
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1S93. Darliugton, John, Engine and Boiler Insurance Co., Manchester

;

and 3 Marlborough Gardens, Ealing, London, \V.

1892. Davis, George Brovrn, Palace Wharf, Stangate, London, S.E. ; and

Cambridge House, 2i2 South Lambeth Road, London, S.W.

1896. Devine, William Henry, Secretary, Mitsu Bishi Engine Works and

Dockyard, Nagasaki, Japan.

189.1. Docker, Frank Dudley, Messrs. Docker Brothers, Birmingham Varnish

Works, Icknield Port Road, Birmingham. [Japon, Birmingham.

3522.]

1892. Fauvel, Charles James, Fauvel Gold Recovery Co., Broad Street House,

London, E.C.

1891. Foster, George, Hecla Foundry Steel Works, Sheffield ; and Lyme

Villa, Rotherham.

1889. Golby, Frederick William, 3G Chancery Lane, London, W.C.

1889. Gregory, George Francis, Boarzell, Hawkhurst.

1896. Harvey, Julius, 11 Queen Victoria Street, London, E.C. [Crosshead,

London^

1887. Hind, Enoch, Edgar Rise, Nottingham.

1896. Hutton, William, P.O. Box 2399, Johannesburg, Transvaal, South Africa.

1891. Jackman, Joseph, Persberg Steel Works, Pothouse Road, Attercliffe,

Sheffield. [_Persberg, Sheffield. 94.]

1884. Jackson, Edward, Midland Railway-Carriage and Wagon Works,

Birmingham. {_Wagon, Birmingham.']

189G. Kennan, Williams Thomas, Messrs. Kennan and Sons, Fishamble Street,

Dublin. {^Kenncms, Dublin.']

1896. King, Benjamin Thomas, 163 Queen Victoria Street, London,E.C. [Apis,

London. 1682.]

189G. Kitto, William Henry, IMorvah, Hartington Road, Grove Park, London, W.

1896. Lemkes, Carl Rudolf Lewin, Messrs. Schiiffer and Budenberg, 194 and

196 Hope Street, Glasgow. [Injector, Glasgow. 3119.]

1881. Lowood, John Grayson, Gannister Works, Attercliffe Road, Sheffield.

[Lowoodi Sheffield, 131.]

1895. MacBrayne, Laurence, 119 Hope Street, Glasgow.

1886. 'Mackenzie, Keith Ronald, Gillotts, Henley-on-Thames.
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1896. Marshall, Lewis, Messrs. Liimby, Son, aud Wood, West Grove Works,

Halifax. {_Lurnby, Halifax. 5 A.]

1868. Matthews, Thomas Bright, Messrs. Turton Brothers and Matthews,

Phoenix Steel Works, Sheffield. [Matthews, Sheffield.']

1890. McGillivray, William, Messrs. Austin McGillivray and Co., Falcon

Works, Sheffield. [Austin, Sheffield.^

1889. McKinnel, William, 234a Nithsdale Koad, Pollokshields, Glasgow.

1890. Meggitt, Samuel Newton, Messrs. Ibbotson Brothers and Co., Globe Steel

Works, Sheffield.

1892. Morley, John, Sanitary Engineering Works, Palace Wharf, Stangate,

London, S.E.

1896. Naylor, Sam, Messrs. Liunby, Sou, and Wood, West Grove Works.

Halifax. [Lumby, Halifax. 5 A.]

1887. Neville, Edward Hermann, 35 Calle de Alcala, Madrid, Spain.

1874. Paget, Berkeley, Low Moor Iron Office, 2 Laurence Pountney Hill,

Cannon Street, London, E.G. [Gryphon, London.']

1886. Peacock, William J. P., Wells Street, Oxford Street, London, W. ; and 41

St. James" Street, London, S.W.

1888. Peake, Robert Cecil, Ciunberland House, Eedbourn, near St. Albans.

1887. Peech, Henry, Phoenix Bessemer Steel Works, near Sheffield ; and

49 Victoria Street, Westminster, S.W.

1887. Peech, William Henry, Phoenix Bessemer Steel Works, near Sheffield ; aud

Fernbank, Eoehampton Park, Londou, S.W.

1894. Peters, Lindsley Byron, Messrs. G. D. Peters and Co., Moorgate Works,

Moorfields, London, E.C. [Peters, London.]

1884. Phillips, Richard Morgan {Life Associate), 21 to 24 State Street, New
York, United States.

1891. Plant, George, Moseley Road School, Birmingham.

1891. Rankin, Thomas Thomson, Principal, Coatbridge Technical School and

West of Scotland Mining College, Coatbridge.

1892. Reed, Ernest Charles, Riverside Mills, Dartford.

1891. Rowcliffe, William Charles, 1 Bedford Row, London, W.C.

1888. Rowell, John Henry, New Brewery, High Street, Gateshead.

1896. Sangster, WDliam Skene, Superintendent, Lima Water Works, Lima,

Peru.

1890. Schofield, John William, Messrs. Gregory and Bramall, Soho Steel and

File Works, Sheffield.
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1887. Scott, Walter, Victoria Chumbers, Grainger Street West, Newcastle-on-

Tyne. [^Contractor, Xewcadle-on-Tyne.^

1893. Simpson, Edward Percy, Messrs. Simpson and Co., 101 Grosvenor Road,

Pimlico, London, S.W.

1891. Spencer, Francis Henry, P.O. Box 1338, Johannesburg, Transvaal, South

Africa.

1892. Stead, John Edward, 11 Queen's Terrace, Middlesbrough. [Steud,

Middlesbrough . ]

1890. Taylor, John, 99 and 101 Fonthill Road, Finsbury Park, London, N.

;

and Stockport.

1896. Taylor, Joseph Henry, 9 and 11 Fenchurch Avenue, London, E.G. [Tyne,

London. -ilOS.]

1887. Tozer, Edward Sanderson, Phoenix Bessemer Steel Works, near Sheffield.

1893. Wadham, Arthur, 171 Queen Victoria Street, London, E.G. [Wadham,

London.'}

1892. Whitehead, Richard David, Municipal Technical College, Green Hill,

Derby.

1883. Williamson, Robert S., Cannock and Rugeley ColUeries, Hednesford, near

Stafford.

1891. Wiseman, Edmund, Cheapside and John Street, Luton. [Wiseman, Luton.'}
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1892. Adams, Sidney Rickman, Consolidated G< Id Fields of South Africa,

P.O. Box G7, Johannesburg, Transvaal, South .\frica : (or care of Henry

Adams, 3 Colville Square, Bayswater, London, W.)

1885. Addis, Frederick Henry, District Locomotive Superintendent, Rajputana-

Malwa Railway, Sirsa, Punjaub, India : (or care of Messrs. Grindlay

and Co., 55 Parliament Street, London, S.W.)

1895. Alcock, Alfred Edwin, Yorkshire Engine Works, Sheffield.

1893. Alderson, Charles Albert Heselton, Messrs. Ruston Proctor and Co., Sheaf

Iron Works, Lincoln; and 13 Cheviot Street, Lincoln.

1894. Ambrose, Sewell Powis, 56 Vyse Street, Birmingham.

1882. Anderson, William, Locomotive Department, North Eastern Railway,

Gateshead.

1890. Aubin, Percy Adrian, 29 St. James' Street, St. Helier"s, Jersey.

1894. Aylesbury, Tiiomas Antram, 1 1 Almeric Road, New Wandswortli, London

S.W.

1888. Bailey, AVilfred Daniel, Empresn Carlos Bright, 874 Calle Cuyo, Buenoa

Aires, Argentine Republic.

1894. Barber, Edward Whitley, U Portland Grove, Fallowfield, Manchester.

1896. Barbosa, Agenor, Juiz de Fora, Minas Geraes, Brazil.

1889. Barrow, Arthur Robert Maclean, care of Messrs. William Watson and Co.,

28 Apollo Street, Bombay, India : (or care of Mrs. Barrow, Holly Grove

Fittleworth, Pulborough.)

1893. Bedbrook, James Albert Harvey, Haresfield, Blenkarne Road, Wandsworth

Common, London, S.W.

1888. Bell, Alexander Dirom, care of W. S. Bell, East Fortoun, Drem
Haddingtonsliire.

1884. Bell, Robert Arthur, Assistant Locomotive and Carriage Superintendent

South Indian Railway, Negapatam, Madras, India : (or care of Mrs.

R. C. Bell, 30 Egerton Crescent, London, S.W.)

1890. Bell, William Thomas, Mulgrave, St. Catherine's, Lincoln.

1896. Bigger, Courtenay, Falmore Hall, Dundalk, Ireland.

1895. Blair, George, 16 Albert Road (East), Crossbill, Glasgow.

1888. Bradley, Arthur Ashworth, Princess Estate and Gold Mining Co.,

Roodepoort, near Joha^nesbu^g, Transvaal, South Africa : (or care of

Rev. Gilbert Bradley, St. Edmund's Vicarage, Dudley, Worcestershire.)
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1887. Bremner, Bruce Laing, 1 Towcester Road, Far Cotton, Northampton.

1894. Britten, Thomas, Electric Construction Company, Wolverhampton.

1890. Brousson, Eobert Percy, Westinghousc Electric Manufacturing Co., East

Pittsburg, Pennsylvania, United States.

1880. Buckle, William Harry Ray, 11 Billiter Buildings, 49 Leadenhall Street,

London, E.C.

1892. Bulwer, Ernest Henry Earle, Messrs. George Fletcher and Co., Poplar

Iron Works, King Street, Poplar, London, E.

1891. Butcher, Walter Edward, 100 Lewisham Road, Lewisham, London,

S.E.

1891. Caswell, Charles Henry, 4 Trewsbury Road, Sydenham, London, S.E.

1894. Cater, John Mcllvaiue, Southdown, The Downs, Wimbledon.

1889. Challen, Walter Bernard, Messrs. Taylor and Challen, Derwent Foundry,

60 and 62 Constitution Hill, Birmingham.

1890. Chatwood, Ai-thur Biimel, Chatwood's Safe and Lock Co.. 76 Newgate

Street, London, E.C. [Chatwood, London. 6835.]

1891. Church, Harry, Ingeniero, para la Colonia San Gustavo, La Paz, Entre

Rios, South America : (or care of George Church, Willington,

Bedford.)

1895. Clarke, Leigh Theophilus, Atliiigworth, Beckenham.

1892. Cleverly, William Bartholoiuew, Messrs. John Brown and Co., Perseverance

Works, 6 Bow Common Lane, London, E.

1892. Collingrldge, Harvey, Messrs. S. Pearson and Son, Blaekwall Tunnel

Works, East Greenwich, London, S.E. ; and Ingleborough, The

Ridgway, Enfield.

1895. Connell, William Percival, Calle Sanz 14, Minas de Rio Tinto,

Huelva, Spain : (or care of W. G. Connell, 83 Cheapside, London,

E.C.)

1889. Cook, George Norcliffe, Messrs. Thomas Firth and Sons, Norfolk Works,

Sheffield.

1896. Crow, Lewis, 85 High Street, Lewisham, London, S.E.

1891. Cutler, Samuel, Jun., Messrs. Samuel Cutler and Sons, Providence Iron

Works, Millwall, London, E.

1894. Darwood, John William, Ahlone, Rangoon, Burma.

1896. Davson, Stephen Frederick, 203 Maida Vale, London, W.

1896. Dawe, John Nanscawen, Bank House, Wadebridge, Cornwall.

1884. Dixon, John, Eastwood Villa, Lytham, near Preston, Lancashire.
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1893. Douglas, William Saunders, Consett Iron Works, Consett, R.S.O.,

County Durham ; and 60 Durham Roa<l, Blackhill, R.S.O., County

Durham.

1895. Dresser, Charles, 5 Marius Road, Balham, London, S.W.

1896. Dryden, William, Jun., Grimshaw Street Foundry, Preston.

1891. Duncan, Martin Gordon, Lexden, 63 Elmfield Road, Upper Tooting,

London, S.W.

1896. Edwards, James George Benjamin, Wintringham Higher Grade Organised

Science School, Grimsby.

1895. Ferguson, Victor Bruce, Altidore Villa, Pittville, Cheltenham.

1896. Fiegehen, Edward George, Bedford Engineering Works, Bedford.

1893. Fox, Frederick Joseph, 102 Fenchurch Street, London, E.G.

1895. Fryer, Tom Jefferson, Totley Brook, near Sheffield.

1895. Gale, Robert Henry, 38 Scarsdale Villas, Kensington, London, W.

1890. Garrett, Frank, Jun., Messrs. Richard Garrett and Sons, Leiston Works,

Leiston, R.S.O., Suffolk.

1895. Gill, Charles Edgar, 9 Balmoral Place, Halifax.

1896. Goddard, William Herbert, Pinkthorne, Canning Road, Addiscombe,

Croydon.

1896. Gordon, Leslie, Bentley Priory, Stanmore.

1895. Griffith, Charles Leopold Troyte, Messrs. Bramwell and Harris,

5 Great George Street, Westminster, S.W.

1895. Griffiths, Alfred, Messrs. Thomas Guest and Co., Phoenix Iron Works.

Poland Street, Oldham Road, Manchester.

1895. Hall, William Brasier, H.M.S. " Imperieuse," Pacific Station : (or

Inglewood, Christ Church Road, Cheltenham.)

1894. Halsey, Charles Turner, Womersley House, Dickenson Road, Hornsey,

London, N.

1889. Hayward, Robert Francis, Salt Lake and Ogden Gas and Electric Light

Co., Salt Lake City, Utah, United States.

1877. Heaton, Arthur, Messrs. Heaton and Dugard, Metal and Wire Works,

Shadwell Street, Birmingham. [Heagarcl, Birmingham.']

1874. Hedley, Thomas, Room 20, Sherlock Building, Portland, Oregon, United

States.

1893. Heinrich, Herbert Rodolph, 17 Buckingham Palace Road, London, S.W.
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1894. Hodges, Frauk 'Williain, Messrs. Thomas Cook and Son, Cairo, Egypt ;

and TuUgam, 37 Cromwell Road, "West Brighton, Brighton.

1896. Hodgson, George Henry, Sulphide Corporation, Cockle Creek, New South

Wales.

1891. Hodgson, William James, Messrs. Hodgson and Hodgson, Central

Chemical Works, Nottingham.

1887. Hogg, William, Craigmore, Blaekrock, Dublin.

1889. Hosgood, Thomas Watkin, Sketty, near Swansea.

1891. Hosgood, Walter James, Locomotive Department. Barry Dock and

Eailways, Bariy, near Cardiff.

1889. Hosken, Arthur Fayrer, care of Rev. R. F. Hosken, 12a Charterliouse

Square, London, E.C.

1889. Howard, Geoffrey, Britannia Iron Works, Bedford.

1883. Howard, Harry James, Messrs. Colman's ^lustard INIills, Carrow Works,

Norwich.

1891. Hughes, Edward Sinclair Bremner, 16 Court Road, West Norwood,

London, S.E.

1896. Humphrey, Frederick George, 166 High Street, Sevenoaks.

189-1. Ironside, William Allan, Messrs. Ironside Son and Co., 1 Gresham

Buildings, Guildhall, London, E.C.

1896. Johnson, Henry Howard, care of Frank Johnson, Sea Point, Cape Town,

Cape Colony.

1894. Johnson, Walter Wroe, Castleton Foimdry and Engineering Works,

Axmley Road, Leeds.

1890. Jones, Arthur Dansey, Locomotive Department, Lancashire and Yorkshire

Railway, Horwich, near Bolton.

1891. Jordan, Frederic William, 42 Wells Street, Mortimer Street, Cavendish

Square, London, W.

1889. Joy, Basil Humbert, 85 Gracechurch Street, Westminster, S.W. , and

118 Broadhurst Gardens, West Hampstead, London, N.W.

1895. Keen, Harry A., Patent Nut and Bolt Co., London Works, near

Birmingham.

1896. Kitsell, Archibald Edward, 24 St. Stephen's Avenue, Shepherd's Bush,

London, W.

1896. Knight, Stephenson Yates, Messrs. Thomas Middleton and Co.. Lonian

Street, Southwark, London, S.E.

1883. Lander, Philip Vincent, Woodside House, Wimbledon : (or care of W. W
Lander, Imperial Ottoman Bank, 26 Throgmorton Street, London, E.C.)
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1894. Larmuth, William Oliver, Messrs. Thomas Larmuth and Co., Todlebeii

Iron Works, Unwin Street, Cross Lane, Salford, Manchester; and

48 Fitzwarren Street, Pendleton, Manchester.

1881. Lawson, James Ibbs, Eesident Engineer, New Zealand Railways,

Wanganui, New Zealand.

1886. Lewis, William Thomas, Jun., Engineer's Office, Bute Docks, Cardiff; and

Dalemain, Llandaff Yard, near Cardiff,

1894. Lloyd, Thomas Zachary, Messrs. Nettlefolds, Smethwick, Birmingham ;

and Areley Hall, Stonrport.

1883. Mackenzie, Thomas Brown, Messrs. J. Copeland and Co., Pulteney Street

Engine Works, Glasgow ; and 342 Duke Street, Glasgow.

1893. Mackesy, Walter, 20 Suffolk Street, Jarrow.

1895. Maia, Honorio de Aranjo, Rua Municipal 17, Rio de Janeiro, Brazil.

1894. Mansfield, Walter, Messrs. Edwin Mansfield and Sous, 140 Great Clowes

Street, Broughton, Manchester. [Gaslight, Manchester.']

1868. Mappin, Frank, Messrs. Thomas Turtonand Sons, Sheaf Works, Sheffield.

1892. Marks, Alfred Pally, 155 Adelaide Road, London, N.W.

1895. Marriuer, John, 9 Gloucester Place, Greenwich, London, S.E.

1889. Marsliall, Frank Theodore, Messrs. R. and W. Hawthorn Leslie and Co.,

St. Peter's Works, Newcastle-on-Tyne.

1896. Marshall, John Frederick, King's College, Cambridge.

1888. Marten, Hubert Bindon, Contractor's Office, Metropolitan Railway

Widening, 50 Iverson Road, London, N.W. ; and Pedmore,

Stourbridge.

1886. Mattos, Alvaro Gomes de, 98 Rua da Sande, Rio de Janeiro, Brazil : (or

care of Messrs. Fry Miers and Co., Suffolk House, 5 Laurence Pountney

Hill, London, E.C.)

1892. Miles, Frederick Hudson, Hampden House, Phoenix Street, St. Pancras,

London, N.W.

1891. Mills, Matthew William, Moss Foundry, Heywood, near Manchester,

1891. Mogg, Henry Hodges, Newbridge Hill, near Bath.

1894. Moon, Edgar Rupert, Locomotive Superintendent, Midland Railway of

Western Australia, St. George's Terr.ice, Perth, Western Australia :

(or care of J. E. ]\Ioon, Cloudesleigh, Brixton, near Plymouth.)

1896, Morton, John Henry, 8 Deacon Street, New Swindon, Swindon.

1892. Murray, David James, Thorn House, Johnstone, near Glasgow.

1883. O'Connor, Joliu Frederick, 'Messrs. O'Connor and Rutherford, 31 and

33 Broadway, New York, United States.
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18S3. Osboru, William Fawcett, Messrs. Samuel Osborn and Co., Clyde Steel

and Iron "Works, Sheffield.

1883. Palchoudhuri, Bipradas, Moheshgunj Factory, Krisbnugher, Bengal.

180.5. Palmer, Henry Boswell. Jun., Heatlifield Lodge, Gunnersbury Lane, Acton,

London, W.

1887. Paterson, John Edward, Chief Mechanical Engineer's Office, New South

"Wales Government Railways, "Wilson Street, Eveleigh, Sydney, New

South "Wales.

1895. Pearce, Herbert, Linotype Depot, Castle Street, Endell Street, Long Acre,

London, "W.C.

1894. Petter, Percival "Waddams, The Foundry, Yeovil.

1890. Philipson, John, Jun., Messrs. Atkinson and Philipson, 27 Pilgrim Street,

Newcastle-on-Tyne. [^Carriage, Neiccastle-on-Tyne.. 415.]

1884. Philipson, "V\''illiam, Messrs. Atkinson and Philipson. 27 Pilgrim Street,

Newcastle-on-Tyne. {^Carriage, NeiccastJe-on-Tyne. 415.]

1896. Pinel, Paul Gustave Marie, Messrs. Lethuillier and Pinel, 24 bis Rue

Meridienne, Rouen, France.

1890. Powell, Frederick, York House, Malvern Link, Malvern.

1892. Power, Arthur Cyril, 17 Fordwych Road, Broudesbury, London, N.AV.

1893. Price, '\^'illiam Frederick, "Wyresdale, "Wilbraham Road, Chorlton-cum-

Hardy, Manchester.

1892. Ransom, Herbert Byrom, Messrs. Manlove Alliott and Co., 57 Gracechurch

Street, London, E.C.

1895. Read, George Henry, 7 Palmerston Road, Bowes Park, London, N.

1894. Readhead, Robert, Jun., Messrs. John Readhead and Sons, "West Docks,

South Shields.

1892. Redfem, Charles George, 4 South Street, Finsbury, London, E.C.

1884. Reynolds, Thomas Blair, 28 Victoria Street, "Westminster, S.'W

1895. Riches, Carlton Tom Hurry, 8 Park Grove, Cardiff.

1894. Richmond, "William Frederick, Longton Iron "Works, Staffordshire ; and

Shellness, Stradella Road, Heme Hill, London, S.E.

1892. Ridley, James C^artmell, Jun., 3 Summerhill Grove, Newcastle-on-Tyne.

1895. Roberts, Basil Owen, Cooper Steam Digger Co., King's Lynn.

1896. Rosevere, Gerald Rhodes, Great "Western Railway, Staffijrd Road "Works,

"Wolverhampton; and care of W. S. Rosevere, The Manor House,

Tavistock, Devon.

1896. Rothschild, Lester Yivian, Messrs. Eraser and Chalmers, Erith, S.O., Kent.

1884. Roux, Paul Louis, 54 Boulevard du Temple, Paris.

1888. Rummele, Alfredo, 17 Via Principe Umberto, Milan, Italy.
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1894. Russell, William Colin, Gwalia Tin-Plate Works, Briton Ferry; and

Hafod, Swansea.

1890. Saxelby, Herbert Raffaelle, 7 and 8 Ironmonger Lane, Cheapside,

London, E.G.

1892. Scarfe, George Norman, care of George Scarfe, Gawler Place, Adelaide,

South Australia.

1881. Scott, Ernest, Messrs. Ernest Scott and Mountain, Close Works, Newcastle-

on-Tyne. [^Esco, Neiccadle-on-Tyne. 432.]

1893. Sliarpley, George Riiston, St. Giles' Avenue, Lincoln.

1892. Shepherd, James Horace, Great Western Railway, Swindon.

1887. Simkins, Charles Wickens, Jun., Amguri Tea Estate, Amguri Post Office,

Sibsagar, Assam, India : (or care of Charles W. Simkins, The Lodge,

Lowdham...near Nottingham.)

1894. Simpson, Lightly Stapleton, Trinity College, Cambridge ; and 16 Kent

Terrace, Regent's Park, London, N.W.

1896. Simpson, Norman De Lisle, Messrs. George Fletcher and Co., Massou

Works, Litchurch, Derby.

1894. Skinner, Russell Foster, 14 Hugli Street, Belgrave Road, London, S.W.

;

and 6 Cambridge Road, Brighton.

1895, Smith, Frederick Hardcastle, Steam Crane Works, Old Foundry,

Rodley, near Leeds.

1895. Southward, Philip Edmond, P.O. Box 2661, Johannesburg, Transvaal,

South Africa: (or care of John Southward, 11 Frederick Crescent,

Brixton, London, S.W.)

1892. Stokes, Frank Torrens, P.O. Box 1355, Johannesburg, Transvaal, South

Africa.

1894. Suffield, Frank Wilson, Glen Lyn, Grove Avenue, Moseley, Birmingham.

1883. Swale, Gerald, Westminster Palace Hotel, 4 Victoria Street, Westminster,

S.W.

1885. Tan^ye, John Henry, Messrs. Tangyes, Cornwall Works, Soho, near

Birmingham.

1884. Taylor, Joseph, Norville, Eatnn Road, Heaton Chapel, near Stockport.

1884. Taylor, Maurice, 39 Rue de Lisboune, Paris,

1896. Thorn, Frank, Messrs. Yates and Thorn, Canal Foundry, Blackburn.

1894. Thorpe, Wilfred Bertram, 20 Larkhall Rise, Clapham, London, S.W.

1895. Titren, Gerald Ernest de Keyser, Natal Government Railway Works,

Durban, Natal.

1891. Vaizey, John Leonard, Locomotive Department, Great Eastern Railway,

Norwich.

2 F 8
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1892. Vezey, Albert Edward, Electrical Department, London and North Western

Eailway "Works, Crewe.

1888. "Waddington, Samuel Sugden, 35 King William Street, London Bridge,

London, E.G.

1885. Wakefield, William Marsden, Messrs. John King and Co., 30 Strand Eoad,

Calcutta, India.

1896. Walker, Charles Bell, Messrs. John Holroyd and Co., Milnrow, near

Rochdale.

1888. Waring, Henry, Engineer, Dublin Laundry Co., Milltown, near Dublin.

1892. Warton, Richard George Frank, Westerleigh, Llandaff, near Cardiff.

1895. Waugh, Hylton Norman Drake, Locomotive Department, London

Brighton and South Coast Railway, Brighton.

1886. Wesley, Joseph A., Messrs. Woodhouse and Rixson, Chantrey Steel and

Crank Works, Sheffield.

1888. Whichello, Richard, Messrs. Max Nothmann and Co., Rio de Janeiro,

Brazil : (or 44 Trumpington Street, Cambridge.)

1894. Whitelegg, Robert Harben, Locomotive Department, London Tilbury and

Southend Railway, Plaistow, London, E.

1889. Wigham, John Cuthbert, Electric Light Station, Shrewsbury.

1895. Wilkin, Ernest Vivian, Northumberland Engine Works, Wallsend-on-

Tyne ; and 11 Appold Street, Finsbury, London, E.C.

1896. Williams, Llewellyn Wyun, Railway ApiDliauces Works, Cathcart,

Glasgow.

1890. Wilson, Alexander Cowan, Manchester Sheffield and Lincolnshire

Railway, The Newarke, Leicester; and Osgathorpe Hills, Sheffield.

1896. Winlaw, William Willoughby, Sir W. G. Armstrong, Mitchell and Co.

Elswick Works, Newcastle-on-Tjme.

1887. Wrench, John Henry Kirke, 173 West Huron Street, Chicago, United

States : (or care of E. M. Wrench, Park Lodge, Baslow, Chesterfield.)

1890. Wright, William Carthew, General Post Office, Melbourne, Victoria : (or

care of Dr. Gaskoiu Wright, 253 Eccles New Road, Salford, Manchester.)

1895. Yeames, James Lamb, 18 Bishopsgate Street Within, London, E.C.

1891. Yerbury, Frederick Augustus, 17 Victoria Street, Westminster, S.W.
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Institutian of gltdjanicil (fingiiutrs.

PROCEEDINGS.

July 1896.

The Summer ITeetin'G of the lustitution was held in Belfast,

commencing on Tuesday, 2Sth July 1896, at Ten o'clock a.m.
;

E. WrsDSOE EiCHARDs, Esc[., President, in the chair.

The President, Council, and Members Tvere received in the

Examination Hall of Queen's College by the Plight Honourable the

Lord Mayor, Alderman W. J. Pirrie, J.P., and the Chairman and

Members of the Eeception Committee,

The Lord Mayor said it was with feelings of the greatest

pleasure that he welcomed the President and Members of the

Institution of Mechanical Engineers to Belfast ; and it was

particularly gratifying to himself that he should be Lord Mayor of

the City when an Institution of such importance to the engineering

profession—an Institution of which he himself was a Member—had

decided to hold their Stimmer Meeting here. Eight years ago the

Members had paid a hurried visit of one day to Belfast, after meeting

in Dublin ; but the present was the first time that the Institution

had held a meeting in Belfast. It was gratifying to him that he now

had the honour of welcoming the Members, not only for the personal

consideration he had mentioned, but also because he regarded their

presence as a recognition by one of the leading institutions of the

importance and fame of the City of which Belfastmen were all so

proud, and which they believed was destined to take yet a still higher

place amongst the great cities of the kingdom. On his own account

therefore, and on behalf of the citizens of Belfast, he extended a

very hearty welcome to the Members of the Institution of Mechanical

Engineers,

2 G
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(The Lord Mayor.)

Wliile it was unnecessary for liim to enter at any length upon

the many subjects of special interest to engineers wliieli would

engage their attention during their stay in Belfast, it would not be

out of place if he were to refer briefly to the great jorogress that had

been made of late years in the various branches of engineering,

to the position of their profession at the present time, and to its

prospects for the future. The advancement in engineering science

and mechanical skill during the last fifty years had been similar,

and had materially contributed, to the remarkable developments

which had made the reign of Queen Victoria the most illustrious of

any of either her predecessors or her contemporaries. But if, instead

of fifty years, they looked back over only the last twenty or ten

years, and considered the wonderful strides made in engineering

during this shorter period, they saw that the history of their

profession was still more remarkable. The rapid advance of

engineering had accelerated the progress of every other branch of

industry and trade. Everything had been revolutionised both on

sea and on land ; and, thanks to the wonderful changes which had

succeeded one another with unfailing regularity and startling

rapidity, labour had been economised, work had been cheapened,

new channels of industry had been opened up, distant lands had

been brought nearer in point of time, and the whole world had

been benefited and enriched. Manufacturers were apt to compare

the present high rate of wages with that existing years ago,

and to feel occasionally the burden was great ; but it should be

remembered that, although wages were now higher, yet most

articles could now be jn-oduced at an actually lower cost for

labour than in those good old times to which some seemed to

wish to return. As they reviewed the successive stages of progress

and development, engineers could not but feel proud of their

profession; and while it was satisfactory to remember that all

branches of engineering had participated in the forward movement,

they specially noticed the great strides which had been made in marine

engineering, and also in the application of electrical power, the latter

being perhaps the most remarkable of all, because the most recent.

The subject which naturally was uppermost in his own mind, on
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account of liis intimate connection witii shipbuilding, was tlie

unprecedented advance and improvement in the type and size of

steamers, and in their mechanical construction. The imj)rovement

consisted in larger carrying power, enabling the vessels to make

money even at lower rates of freight, and in reduction of weight in

the construction, while at the same time the strength of the structure

was increased ; and, bearing more directly on the subject of

engineering, would be noted the successive improvements in the

machinery, from compound engines to triple-expansion and from

triple to quadruple-expansion, while the higher steam-pressure

effected great economy in the consumption of fuel : and at the

present moment he was sure many of the engineers in the country

were dreaming of water-tube boilers and various other devices, for

still further reducing the weight of machinery on board vessels.

All these subjects were of the highest importance, and each of them

might well furnish materials for a series of papers, and no doubt

they would all come up for discussion in due course. They possessed

a special interest for himself and many others of the inhabitants of

Belfast, who would follow closely the proceedings of the Institution

this week. Never did the engineering profession stand so high both

in honour and achievement as at the present time. The triumphs of

mechanical skill and ingenuity were astounding, and the history of

the last few years was highly creditable and satisfactory to British

engineers. While recognising and appreciating the contributions

made by men of other nations to the general progress, it was

particularly gratifying that in this, as in many other branches of

jn-actical knowledge and commercial enterprise, the British nation

was still predominant and in the fore-front, if not always in invention,

certainly in the perfecting and application of engineering science.

If however the past had witnessed such vast changes, and the present

attainments were so satisfactory, what should be said about the

future ? With many of the improvements to which he had referred

being still further developed, with a progressive movement in every

branch of the profession, and with new trades springing up, they

could not but feel that they werp on the eve of greater changes than

any which had yet been brought about, and that the developments of

2 G 2
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(The Lord Mayor.)

the next few years would astonish even engineers themselves.

Amongst the trades now being opened up, not the least important to

engineers was that in automobiles. There was a great future he

believed for horseless car^'iages of all descriptions in this country.

It was much to be regretted that at present this trade should be

hindered, and English engineers be handicapped, by an eld act of

parliament, which should .have been repealed long ago. The

restriction he trusted would speedily be removed, when he had no

doubt many of the younger engineers would apply themselves to the

study of this subject, and a large industry would spring up, giving

employment to a vast number of mechanics and others ; and he

trusted that many of the old established engineering firms in Belfast

and other places would be prepared to take advantage of the great

demand for autocars of good design and construction, which was

sure to arise immediately the existing legislative difficulty was out

of the way. From a national point of view it was also a matter for

regret that so large a quantity of machinery of the lighter class had

still to be imported, such as sewing machines, electric fittings,

farming implements, cycles, etc. ; and he could not help feeling that

even in such manufactures this country ought to be able to compete

successfully with a country where the import duties were so high,

and living was so dear, and where consequently labour had such a

fictitious value, as in America. This he believed could be done if

thought and energy were applied to it ; and he trusted that in this

respect there would be much cause for gratification in the near

future.

The present visit of the Institution he trusted would be pleasant

and enjoyable to all, and that the deliberations at the meeting would

prove a stimulus to many, and contribute much to the advancement

and development of engineering science, for which he thought little

proptTe'^^ic power was necessary to jiredict a brilliant and eventful

future.

Hr. W^^'^-n H. Wilson said that, having the honour of

occupyii^o *^^ P*^^^"•'^ll of Chairman of the Eeception Committee,

he had great P^^'^f^^-^'in following the Lord Mayor in welcoming the
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Institution to Belfast on the occasion of wliat was really their first

visit to the City. Their jirevious short visit might be described in

mining jjarlance as having been in the nature of " prospecting
;"

and it had then been seen how much interest might attach to

a regular meeting of the Institution in Belfast, and he was glad that

the time had now arrived for this to be carried out. It gave all who

met an opportunity of making new friends, of which they were all

glad to avail themselves. It was highly important he considered

that all engaged in engineering should have a connecting link with

the sister country ; and in no way could this object be better

accomplished than by such a meeting as the Members were now

entering upon. He greatly regretted the illness of the Secretary, of

whose assistance he had been glad to take advantage ; although not

able to be present, he had sent a most capable representative. The

duties of the Keception Committee had been of the lightest and

pleasantest character, owing to the assistance they had received first

from the Secretary before his illness, and subsequently from his

substitute. Such visits as that which the Institution was now

making were intended to encourage, and did encourage, the Members

generally ; and he hoped the present visit would result in an increase

in the membershij). The papers read before the Institution were of

high practical value; a single year's volume of the Proceedings

contained information of the greatest interest, and thoroughly up to

date ; the latter was a quality of great importance at the present

day. As far as engineering was concerned, the industries of Belfast

did not extend back to more than a hundred years. Less than a

century ago the fiax manufacture was really the entire industry of

the district ; and in those days looms driven by hand and foot were

the means adopted for manufacturing cloth throughout the country.

Engineering afterwards stepped in, and such firms sprang up as that

of Victor Coates, the great-grandfather of the present directors

of the firm bearing his name, whom he regarded as the father

of engineering in this part of the world, not so much however

in the manufacture of flax machinery as in making engines ; this

class of work had been carried out at the Lagan Foundry with

a marvellous degree of excellence, considering the difficulties which
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had had to be contended with. It might not be known to every one

that this firm had built the very first iron steamer made in Ireland
;

and theirs was still the leading foimdry of large size in Belfast.

Although they had now tlropped shipbuilding and had handed it

over to his own firm— Messrs. Harland and Wolff—they were still

carrying on the engineering branch in a spirited way ; the Members

would have the opportunity of visiting some of their shops, where

they would see how much talent had been devoted to the manufacture

of machinery. The whole history of mechanical work in Belfast

had been altered with the change in the flax trade ; and some of

the papers announced for reading at this meeting would no doubt

give an idea of the various developments which had been effected.

One of these was the method of rope-driving, of which good

illustrations would be seen here ; Messrs. Combe, Barbour, and

Combe, who were its originators, had carried it out more than anyone

else, and an excellent method it was. A curious relic of the original

linen industry yet remained in Donegall Street, where there was an

old yard, grass-grown, with what looked like tombstones planted

about ; it was the old Brown Linen Hall, founded in 1773, to which

people formerly brought from the country their brown linens to be

sold. This piece of ground, which was now in the hands of trustees and

would be valuable as a building site, was still opened once a week ; a

web of sacking was laid upon one of the tombstones, for any business

that was supposed to go on ; the attendants were there ; and visitors

walked in and out again ; he had himself been there once to witness

the quaint performance, which had now become a farce at the end of the

nineteenth century. After the Brown Linen Hall had died a natural

death, its place had been taken by the White Linen Hall, erected in

1784 in Donegall Square, which however liad lately been removed

;

and on that central site of five acres a handsome building was now

about to be erected as a new Town Hall, in which he hoped the present

Lord Mayor would take his seat, if he should remain two or three

years longer in office. Favoured by fine weather, he trusted that by

means of the arrangements and excursions which had been organized

by the Reception Committee, through the kindness of the railway

and steamboat companies, the Members of the Institution would be
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enabled to enjoy tliemselves during the week. He trusted also that

the present visit would only be the precursor of others yet to

follow ; and that after the Institution had visited a few other cities

they would come here again, at a time when the Lord Mayor would

be able to show them that another step in advance had been made.

The Eeception Committee all felt honoured by the presence of the

Institution in Belfast, and hoped that the Members generally would

carry away pleasant recollections of their visit.

The Presidext desired to thank the Lord Mayor and Mr. Wilson

for their kind words of welcome, and for the great cordiality of the

reception they had accorded to the Institution. The Members of the

Institution were very grateful to the Lord Mayor, seeing that in the

midst of his manifold and onerous duties as Chief Magistrate of the

City he had given his valuable time and used his great influence to

make their visit both profitable and pleasurable. They were also

indebted to Mr. Wilson and the Reception Committee for having

arranged a programme which opened to their inspection establishments

representing the vast industries that had made Belfast famous among

the cities of the empire. The Committee had also not forgotten to

include in the programme arrangements which would render their

visit one of much enjoyment. They fxu'ther thanked the Belfast

engineers for having contributed five papers out of the seven

announced for the present meeting ; while all the seven had reference

to works in Belfast and the neighbourhood. When the Dublin

meeting was held in 1888, a short visit had been paid to Belfast,

as already mentioned ; and several members had then expressed a

great desire that one of the summer meetings should be held in this

City. Last year an invitation had been received, which the Council

most gladly accej)ted. The members generally he was sure

reciprocated the sentiments expressed by the Chairman of the

Reception Committee, and hoped for their part that they might make

not only new friends but lasting friendships. It would therefore be

fully understood how highly he appreciated the cordiality of the

welcome accorded to the Institution. He desired to acknowledge

most gratefully all that had been done to render their visit agreeable,
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and the gracious reception of the Institution by the Lord Mayor

and their friends in Belfast.

The Minutes of the previous Meeting were read, approved, and

signed by the President.

The President said the Members "would be sorry to hear of the

serious illness of the Secretary, who had been taken suddenly ill six

weeks ago in consequence of over-work, and was still confined to the

house ; and he was sure they all sympathised with Mr. and Mrs.

Bache in this trial. The Council trusted he might eventually get

better, or recover entirely. Meanwhile he would be represented at

this Meeting by his assistant, Mr. Chapman, as acting secretary.

The Members also sympathised most sincerely he was sure with

the Lord Mayor and Mr. Walter H. Wilson, and with their firm of

"Messrs. Harland and Wolff, as well as with Messrs. Workman, Clark,

and Co., in the misfortune that had befallen them through the great

fire, which on Sunday night had wrought such destruction in their

shipbuilding and engineering establishments.

The President announced that the Ballot Lists for the election

of New Members had been opened by a committee of the Council,

and the following fifty-nine candidates were found to be duly

elected :

—

MEMBERS

Bateman, James Thomas, .

Black, Peter Blair,

Bboadfoot, Akdeew Wilson,

Bbocklehuest, George,

BucKWELL, George William,

Chambers, Egbert Martin,

Clark, George, Jun.,

Craig, Alexander,

Day, Charles,

Dobson, Adam,

Birkenhead.

London.

Albany, W. Australia.

Barbados.

Liverpool.

Belfast.

Sunderland.

Londonderry.

Bradford.

Belfast.
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German, Walter Hussey, . . . Sydney.

Johnston, James, .... Brighton.

KwANG, EwoNG Yung, .... Tientsin.

Moffatt, Alexander Charles, . . London.

Patchell, William Henry, . . . London.

Spring, Francis Joseph Edward, C.I.E., Sliillong, Assam.

Stirling, Patrick, .... Doncaster.

Taylor, William Isaac, . . . London.

associate members.

Abady, Jacques,..... London.

Atkinson, Frederic, .... London.

Barba, Alfonso G., . . . . London.

Baron, James Thomas, .... London.

Blumfield, Thomas William, . . Coventry.

Butcher, Malcolm Henry, . . . London.

Carolin, Edward Marlay, . . . Bloemfontein.

Clare, Ernest, ..... London.

Dawson, Philip, ..... London.

Fforde, William John, . . . Belfast.

Firth, John, ..... Hull.

Fowler, Henry, ..... Horwicli.

Eraser, Frank Hazell, . . . London.

Garratt, James Herbert, ... . Colombo.

Garrett, Easton, .... Buenos Aires.

Given, Ernest Cranston, . . . Philadelphia.

Goffe, Edward, ..... Kimberley.

Grant, William, ..... Belfast.

HaWES, David Marc Andrew Graham, . London.

Iden, George, ..... Brighton.

Kerr, Alfred Ernest Campbell, . . Ballarat.

Martin, George Best,.... Birmingham.

New, Alfred Wilmot, .... Coolgardie.

Newell, Ernest,..... Bradford.

Pollard, Ferdinand Joseph, . . . Johannesburg.

Rieter, E. Henry, .... Winterthur.
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EuFFLE, Frank Feltngham, . . Calcutta.

Sangstee, Charles, Birmingliain.

Sutherland, James, Larne Harbour.

Tho^ipson, Thomas, . Coolgardie.

Vernon, William Harry, Wakefield.

Winston, Harold Holmes, London.

associates.

Bentlet, Wallace, Halifax.

Kennan, Williams Thomas, . . Dublin.

graduates.

Bigger, Courtenat, Dundalk.

Dryden, William, Jun,, Ulverston.

Marshall, John Frederick, . Cambridge.

Morton, John Henry, . Manchester.

EosEVERE, Gerald Ehodes, Wolverhampton.

Eothschild, Lester Vivian, . . Erith.

Walker, Charles Bell, Eocbdale.

The following Papers were then read and discussed :

—

" Flax Scutching and Flax Hackling Machinery " ; by Mr. John

Horner, of Belfast.

" Electric Lighting in Belfast " ; by Mr. Victor A. H. McCowen,

Electrical Engineer to the Belfast Corporation.

At One o'clock the Meeting was adjourned to the following

morninfr.

The Adjourned Meeting was held in Queen's College,

Belfast, on Wednesday, 29th July 1896, at Ten o'clock a.m.

;

E. Windsor Eichards, Esq., President, in the chair.

The Discussion upon Mr. McCowen's Paper on Electric Lighting

in Belfast was resumed and concluded.
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The following Papers were then read and discussed :
—

" Unusual Corrosion of Marine Machinery " ; by Mr. Hector

MacColl, of Belfast.

" Notes on the introduction and development of Eope Driving "
; by

Mr. Abeam Combe, of Belfast.

" Description of the Alumina Factory at Larne Harbour " ; by

Mr. James Sutherland, Manager.

" Description of the Belfast Gas Works "
; by Mr. James Stelfox,

Engineer and Manager.

The remaining Paper announced for reading and discussion was

adjourned to a subsequent meeting.

The President proposed the following Votes of Thanks, which

were passed with applause :

—

To the Eight Honourable the Lord Mayor and the Lady Mayoress,

for their hosj)itable invitation of the Members to their

Conversazione.

To the President of Queen's College, for his obliging invitation to

the Institution to hold the j)resent Meeting in the College,

and for the facilities so kindly afforded for the occasion.

To the Belfast Harbour Commissioners, for their invitation to

inspect the Harbour, and for their hospitality in connection

therewith.

To the Proprietors of the numerous Engineering, Shipbuilding, and

Manufacturing Works, and other Establishments, visited by

the Members, for their kindness in opening their Works

during the Meeting.

To the Directors of the Belfast and Northern Counties Railway, the

Great Northern Eailway, the Belfast and County Down
Eailway, and the Larne and Stranraer Steamship Joint

Committee, for their liberal invitations, comprising the

privileges of special free transit for enhancing the

convenience and enjoyment of the Members in the

Excursions.
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To the Reception Committee—especially to the Chairman Mr.

Walter H. Wilson, to the Honorary Secretaries Mr. Bowman

Malcolm and Mr. A. Basil Wilson, and to their active

coadjutors of the Executive Committee—for the attractive

programme they have prepared for the Meeting and

Excursions, and for the admirable and hospitable

arrangements they have made for the convenience and

enjoyment of the Members.

In connection with the second vote of thanks, the Peesident

drew attention to the awning which had been stretched across the

greater part of the Examination Hall at a considerable distance

below the roof. As the loftiness of the roof, while enhancing the

noble proportions of the Hall and favouring its ventilation, had been

found not conducive to its acoustic qualities, this remedy had been

recommended and arranged by the kindness of the Professor of

Engineering, Professor Maurice E. FitzGerald; and having proved

so successful for the purpose, the Council desired to ask the College

to accej)t the awning from the Institution, with a view to its

usefulness on futui-e similar occasions.

Sir Edward H. Caebutt, Bart., Past-President, was sure that

after such a gratifying Meeting the Members would wish to pass a

hearty vote of thanks to the President, for the way in which he had

conducted the Meeting and brought it to a successful conclusion.

The President, in acknowledging the vote of thanks, said it had

been a great pleasure to himself to preside over a Meeting >vhich had

been so enjoyable from every possible point of view.

The Meeting then terminated at One o'clock. The attendance

was 213 Members and 88 Visitors.
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FLAX SCUTCHING AND FLAX HACKLING MACHINEEY.

By Mr. JOHN HORNER, op Belfast.

Preliminary Operations.—Flax after being pulled up by tbe roots

undergoes a retting process, by being placed in still water until

fermentation sets in, and until the gummy matter has been removed

whicb joins the boon or woody part to the fibre encircling it. It is

then spread out in thin layers on short grass, and after a time is

ready for the scutch mill, where the boon is removed and the fibre

prepared for the market.

Scutching.—In introducing the subject of Flax Scutching as

carried on in this country, and in giving an explanation of the

machinery in use for this purjiose, nothing novel can be described.

This important branch of flax manipulation has not been directed by

scientific skill ; in many parts the hand process still survives. For

breaking the boon, the stalks in small parcels are beaten with a

mallet ; and for clearing the flax of the broken boon, the workman

with his left hand holds the flax over the stock, while with his right

hand he strikes or threshes the flax with the scutcher. This process

is precisely the same as that carried out in Egypt some three or four

thousand years ago. In scutch mills, mechanical methods are

employed ; and the following account, taken from the British

Encyclopedia of 1806, of the operations in use forty years prior to

that date will serve as a description of the processes at present in

vogue in most of the Irish scutch mills. " A water mill was invented

about forty years ago, which with some late improvements makes

great despatch, and in skilful and careful hands gives satisfaction.

It has been generally constructed to break the boon by three dented

rollers, placed one above the other, the middle one of which being
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forced quickly round takes tlie other two along witk it ; and one

end of the handfuls of the flax being by the workmen directed

in between the upper and middle rollers, the flax is immediately

drawn in by the rollers ; a curved board or plate of tin behind the

rollers directs the flax to return again between the middle and

undermost rollers ; and thus the operation is repeated till the

boon be sufficiently broke. Great weights of timber or stone at

the ends of levers press the upper and under rollers towards the

middle one. The scutching is next carried on by the mill in the

following manner. Four arms project from a perpendicular axle, a

box around the axle incloses these projecting scutchers, and this box

is divided among the workmen, each having sufficient room to stand

and handle his flax, which through slits in the upper part and sides

of the box they hold in to the stroke of the scutchers ; which moving

round horizontally strike the flax across or at right angles, and so

thresh out or clean it of boon. The horizontal stroke of the scutchers

was long thought too severe and wasteful of the flax ; and to obviate

this objection an imitation of hand scutching has been appKed to

water. The scutchers then project from an horizontal axle, and move

like the arms of a check reel, striking the flax neither across nor

perpendicularly down, but sloping in upon the parcel, exactly as the

flax is struck by the hand scutcher. This sloping stroke is got by

raising the scutching stock some inches higher than the centre of the

axle ; and by raising or lowering the stock over which the flax is

held, or screwing it nearer or farther from the scutchers, the

workman can temj^er or humour the stroke almost as he pleases."

It will hardly be imagined by mechanical engineers that the

above process of flax breaking and scutching, in use before Watt

invented the steam engine, is so i^erfect as to be incapable of

improvement ; nor will it be supposed that an age so prolific in

mechanical invention has not attempted the production of better

means. That the system is far from perfect is evident from the fact

that quantities of valuable fibre suitable for spinning are either

wholly lost, or by re-scutching are in part restored, but only to be

spun into the coarsest yarns. Machine makers and others interested

in flax culture and flax spinning have from time to time devised
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methods tending to deal more gently with the fibre ; but in this

country at least no encouragement has been given them. It is

obvious that, in order to gain a distinct advantage in flax breaking

and scutching, the j)rinciple must be adopted which underlies the

preparation of the same fibre for spinning, namely of treating it in

small pieces and at slow speeds. The methods actually in use in

breaking and scutching embody the opposite principle ; in fact, as

already stated in the foregoing quotation from the description given

in 1806 of the breaking machine, it " makes great despatch "
; and

those who are entrusted with the preparation of the flax for the

market prefer this great despatch to a slower and certainly more

efficient means of working. When it is considered that the fibre of

the flax plant encii'cles the boon, and that the object of the scutching

process is to get rid of the boon, it is clear that the greatest possible

care should be taken in manipulation, in order not to injure the

fibre which has to be dealt with before the boon that it encircles

is reached. For this purpose long series of fluted rollers have been

made, beginning with coarser and ending with finer teeth, and

sometimes having a reciprocating motion ; the top rollers run in

vertical slotted bearings with springs or levers attached, allowing the

rollers to rise, and so to accommodate the large bulk of flax-straw

introduced. But even these were made with a view to quantity

rather than quality of work; and as a consequence in the rolled

material the boon is found in a condition more bruised than broken,

and the work of its removal is carried out by subjecting it in an

unprepared condition to the unyielding action of the scutching

handle, which thus carries to waste a large amount of valuable

fibre. Some time ago the writer made a set of bottomless rollers

or skeleton drums, as shown in Fig. 7, Plate 56, in which the

grooves have no bottom for the teeth to bruise the boon against ; the

set comprised some eight or ten pairs, running in fixed bearings,

beginning open and gradually getting closer in pitch. Their action

was to crack the boon thoroughly, without the slightest injury to the

fibre ; the rollers being bottomless prevented any rubbing, and the

action was one of cracking, not crushing ; from the construction of the

rollers too the material was held loosely between them, and no
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undue strain Tvas felt when it was gripped by the finer flutes. It

was found that the greater quantity of the boon was separated, and

fell beneath the machine ; while the remainder was so thoroughly

broken that a light scutching handle and little labour sufficed to

remove it. Having fixed rollers, the machine would not allow of

more than a certain quantity of material passing ; and consequently

the manipulation was considered too expensive, although the actual

results were vastly superior.

That the flax-scutching industry of this country should be in

such a backward condition is scarcely to be wondered at, when it is

considered in whose hands it is. The farmer, whose interest it

should be to get the largest yield of fibre from his growth of flax,

is callous of such a result, and insensible to any advantages in

scutching save those of expedition and cheapness. The scutcher has

therefore no encouragement to improve ; and if he had, his power

capacity, generally water, curtails him, and he is naturally unwilling

to lessen his outj^ut under existing arrangements.

Madding.—The flax is now prepared for the threefold process of

hackling :—roughing, machine-hackling, and sorting. The first and

last are hand operations, and depend, the latter especially, on the

skill and judgment of the operators.

Houghing is carried out as follows. The flax is divided into

pieces or handfuls, each weighing from one-seventh to one-fifth of a

pound according to quality. These are drawn through a coarse

hackle or " rougher's tool," till the fibres are arranged parallel

and uniform in length. The flax is then passed to the hackling

machine.

Hackling Machine.—According to the quality of the flax and the

degree of fineness to which it is to be hackled or cut, these

machines vary from six to twenty hackles or tools in length, and

from twenty to thirty hackles in the circumference of the leather

bands or sheets which carry them. As shown in Plates 51,

52, and 53, which represent a machine having ten hackles in

length, the various parts of the machine are supj^orted on frame
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ends bound together by iron rails. A couple of bottom shafts AA
communicate motion, by means of broad leather bands S called

" sheets," to two top shafts BB set 24 inches higher on the

frame. On the inner circumference of these sheets, as shown

in Plate 54, cast-iron teeth are fastened by means of screws

passing through holes in the sheets, and kept in position by iron

plates on the outer circumference, which act as washers. The iron

teeth have a couple of supports cast on, upon which, and resting

on the outer circumference of the sheets, longitudinal angle-bars are

screwed ; these bars run the length of the machine, and on them are

fastened the hackles, shown separately in Plate 57. On the bottom

shafts are pulleys with teeth, and on the top shafts sockets with

teeth, both corresponding in pitch with the teeth on the sheets ; the

bottom and top shafts are by these means geared together, and the

corresponding sheet of hackles is geared in a similar manner. The

hackles on one sheet are placed in alternating order in relation to

those on the other sheet ; and by means of wheels on the ends of the

bottom shafts they are driven at the same speed in opposite directions.

Ohange wheels are provided to vary the speed as desired. Suspended

above the hackles by a pair of leather straps fastened to a pair

of segments M, and counterbalanced by weights W, is a longitudinal

trough or channel C, along which move the holders H, each having

two of the roughed pieces of flax screwed into it. This channel

receives an up and down motion from a lever arrangement L, Plate 55,

actuated by runners on the faces of two wheels gearing into each other,

and conveyed by connecting-rods to the segment. The speed of this

motion can be varied by means of change pinions ; and the dwell or

rest of the channel when at its lowest point can be altered by means

cf hinges I on the lever L. Working in the channel is a long bar

called the catch bar F, having fingers or catches attached corresponding

in number with the holders in the channel, and having a to and fro

longitudinal motion conveyed from a cam wheel, which acts through

two levers Y. The machine being put in motion, and the various

wheels and levers taking up their work, the sheets and hackles

revolve towards each other ; the channel in which are the holders of

flax moves the flax down and ' up again, thus subjecting it to the

2 H
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action of the revolving hackles ; and when it has attained its highest

point, the catch bar comes into play, and shifts the holder of flax to

the next or finer hackle, and so on, till the flax has passed through

the entire machine, and has thus had one half of its length hackled.

It is then quickly changed to another holder, in which it is gripped

this time by the hackled portion ; and it is passed in a similar

manner through another machine, which hackles the other half of its

length, and the process of " machining " the flax is thereby completed.

As one holder of flax is shifted by the catch bar to receive the action

of finer hackles, another takes its place ; thus the machine is hackling

at any one time as many holders of flax as there are hackles in its

length.

Bemoval of Tow.—The operation of hackling produces a quantity

of tow or short fibres, which varies according to the strength of the

flax and to the fineness of the hackles to which it is subjected. This,

tow remains attached to the hackles, and must be removed from each

individual hackle at a certain point in its revolution. There are

two modes of doing this, either by means of stripper rods, or by

means of brushes and doffers. The former is by far the simpler

mode, and in its operation makes the better tow ; but it is limited in

its utility to coarser machines, while finer machines require the

more elaborate system of brushes and doffers.

Stripper Bods.—The stripper rods are laths of wood, shown

in Fig. 8, Plate 56, about 3 feet long, 2;^ inches broad and ^ inch

thick, varying however in length according as they are intended

4-^=t? strip three or four hackles. They are shod at the ends with

iron plates, which work in radial slots in the sheet pulleys AA.

"When in the revolution of the pulleys any individual slot attains a

certain angle of inclination, the rod falls outwards by gravity,

sweeping before it the tow accumulated on the hackles ; and in its

onward course, coming into contact with a concave guide G, it is

pushed back again into its former position in readiness for another

similar operation. The tow when removed from the hackle falls

cither upon a shaker of wire netting, which frees it from dust or
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particles of boon ; or else upon a grating, through which these

waste matters fall.

Brushes and Doffers.—The brush and doffer arrangement is more

complicated and more expensive, but is necessary in machines having

hackles of such a fine pitch that the action of the stripper rods will

not free them from the tow. A cylindrical roller E, Plate 54, revolves

beneath the hackles, having six or eight brushes mounted lengthwise

on its circumference ; these brushes pitch with the hackles, and are

driven at a proportionate speed, which is necessarily much quicker.

The brush removes the accumulated tow from the hackles, and

deposits it on a doffer running slowly in the opposite direction. The

doffer is mounted with pins set in the form of hooks ; and these

retain the tow, until acted upon by a doffer knife of steel with finely

cut teeth, which, moving up and down, detaches the tow from the

pins, and allows it to drop into a receptacle beneath.

Flax is as variable in quality as can well be imagined, being sold

as high as £200 per ton for Courtrai and as low as £16 for poor

Eussian. Hackling machines therefore must naturally be varied to

suit. For all classes of Eussian flax, and for the lower qualities of

Irish and other flaxes, stripper-rod machines are to be preferred.

These flaxes being free from gummy matter, and the pitch of the

hackles required being not too fine, the stripper rods are quite

adequate to free the hackles from tow. Occasionally however a

gummy flax of a coarse nature has to be treated, of which the gummy
matter, sticking to the hackles, prevents proper stripping. To obviate

this dif&culty and to remove the gum, an ingenious brush arrangement

has been introduced. Each set of hackles undergoes the action of a

revolving brush U, Plate 59, of which the surface speed at one period

is quicker than that of the hackles ; the brush thereby frees the

leading or cutting side of the pins from gum and from any

accumulations of fibre. By a clutch and by either of the two

arrangements indicated in Plates 59 and 60, the speed of the brush

is at intervals reduced below that of the hackles, so that the hackle

pins then revolving at a greater speed than the brush pass through

the brush bristles, which thus clean the rear side of the pins, and

2 H 2
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re-deposit any fibre on the pins, whence it readily finds its way to

the tow.

Stripper-rod macMr.es are made single and duplex. If single they

are worked in pairs, one machine hackling the root half and the other

the top half of the handfuls of flax. Duplex machines, Plate 60, are

two single machines united in one, for the mechanical arrangements

of stripper-rod machines permit of their being thus united without

detriment or crowding ; moreover many of the parts, which in two

separate machines are necessarily duplicated, can in duplex machines

be combined. Besides being cheaper, duplex machines have other

advantages : they require about half the space, and absorb but half

the power ; the counterpoise of the single machine is dispensed with,

one channel balancing the other. The attendants too are closer to

their work, and not having to pass from one machine to the other can

devote more time to the careful spreading and screwing of the flax.

Brush and Doffer machines are made single, Plates 52 and 53.

Theii' many working parts need more room to be spread out in, and

being of a complicated nature, and requiring frequent inspection,

those in the centre of the machine could not be got at if it were made

duplex. For hackling the finer and middle qualities of flax, brush

and doffer machines are undoubtedly preferable ; from pins that are

the most closely set, the tow can with ease be stripped when hackling

the most gummy material ; and the attendant can readily get about

the machines, to set and adjust their various parts.

Haddes.—From the foregoing account of the relative merits of

the two classes of hackling machines, it will readily be understood

that the most important consideration in preparing a design for a

machine is that of the hackles, specimens of which are shown

half full size in Plate 57. In regard to these, many points have to

be observed, such as number of hackles in length, number of hackles

in circumference, length of hackles, pitch of hackles, number of

jjius per inch, length of pins, size of wire for pins, number of

rows of pins, and manner of grouping.
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The number of hackles in the length of a machine is dependent

on the quality of the flax to be worked. Machines are at present

made, varying from six to twenty tools or hackles ; but no reasons

exist, save those of expense and room, for want of extension in this

respect. Machines with the lower number of tools are usually made

for the lower sorts of flax, and more tools are added in proportion

to the finer quality. By increasing the length of a machine and

consequently the number of its tools, the difference in the degree of

fineness of each tool is lessened ; and thus the hackling is carried

out more gradually, with greater care, and with less tow. No
absolutely fixed rule can be followed in determining the number of

tools that a machine should have ; in this, as in all matters connected

with flax hackling, discretion alone can be the guide. But it may

be said generally that the number of tools should so increase in

proportion to the fineness of the hackles as to maintain an equally

gradual increase throughout.

The number of hackles in the circumference determines the pitch

of the bars ; and it is generally accepted that close-pitched hackle-

bars are injurious alike to yield of flax and to tow. A certain

amount of freedom should be given to the fibres; and it has been

found in practice that close-pitched hackle-bars bind the flax too

much, and do not give sufficient room for the tow of each hackle

to remain sej)arate. Tow is readily made nappy, if care be not taken

in its removal.

Length of hackles depends on the class of the flax. By increasing

the length, other things being equal, the number of tools is diminished.

Thus where quantity of production is more to be desired than good

quality of yield, the hackles may be made 14 or 15 inches long, and

the holders being of equal length will accommodate more flax.

This may be desirable when dealing with low qualities of flax, from

which the dressed line and tow may be of relatively slight value
;

but in treating the better qualities of flax, hackles of from 10 to 11

inches length are quite long enough. The advantage to be gained

by getting more hackles in the same length of machine is obvious

;

and a machine of twelve tools with 10-inch holders is preferable to a

machine of equal length having 12-inch holders and only ten tools.
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The number of pins per incli is regulated according to the fineness

to which the flax is to be cut. On this point it is difficult to give

any satisfactory information. Flax varies so much in quality that

scarcely two machincb are made alike in this respect. Although

machines may finish with the same number of pins per inch, giving

about the same degree of cutting, yet the other hackles must be

arranged with due regard to strength, cleanness, hardness, pliability,

thickness of roots, naps, character of the previous roughing process,

and a number of other considerations. That a certain quality of

flax is to be spun to a certain count of yarn cannot therefore be

taken as an exact guide.

The length of the pins is dependent to some extent on the bulk

of the flax, as some flaxes lie closer than others of equal weight. The

pins vary in length from 1 to 1^ inch over all, and their working

lengths standing out of the hackle stocks are from 9-16ths to 13-16ths

of an inch. It has been found in practice that the longer pins give

the better yield ; the flax not being so tightly bound, but allowed

more freedom, is dealt with in a less rigid manner. On the other

hand a shorter pin will give a better sort, that is to say a better

hackled fibre, capable of being spun to a higher count of yarn. This

is attributed to the fact that, in the finer hackles, the shorter pins,

having less leverage, do not spring away from their work, but remain

steady, penetrating the flax thoroughly. The friction of the closer-

set hackle-stocks also gives a certain degree of what is called quality

to the fibre. Eecent improvements in hackling machines have gone

in the direction of combining the advantages of long and short pins.

It is evident that the flax is more bulky before being hackled than

after, and that its bulk decreases in proportion to the tow taken from

it in the process of hackling. Consequently if pins are made suitable

for the flax as it enters the machine, and are gradually reduced in

length as the flax is reduced in bulk, the twofold advantage of long

and short pins is attained. In order to eftect this object, and at the

same time to keej) the pins in line at the points, and to avoid a

multiplicity of pin lengths, the hackle stocks are gradually thickened,

and the effective length of the pins is thereby altered.
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The tliickness of the wire for tlie pins is in accordance with the

degree of fineness of the hackle. A rule might be laid down for

determining a certain size of wire for a hackle of so many pins per

inch ; but this rule would be varied so often, when the strength of

the fibre is taken into account and the consequent strength of pin to

resist the breaking strain, that discretion again must be used.

Care must however bo taken that the minimum space left between

the holes is compatible with strength.

The number of rows of pins is fast undergoing a change. At

one time it was thought impossible to get sufficient cutting power

without two rows of pins, and in some cases even three. Practice

shows that a single row of pins in comparison with a double row will

cut in the proportion of fifty to seventy ; that is to say, fifty pins per

inch in a single row will cut equally as well as thirty-five per inch

in a double row, although the latter has seventy pins per inch in its

two rows : so that an increase in the fineness of hackles will, in the

case of single rows, give all the cutting power wanted. Machines

too are now made much longer than formerly, and the increase in the

number of tools gives greatly increased cutting power. A decided

advantage of single rows over double rows when hackling gummy
material is that the pins are more thoroughly cleaned ; for when two

rows are employed, the cleaning brush in its action sweeps the

hindmost pin clean, but leaves the leading or cutting pin clogged to

some extent with gummy matter.

Grouping of pins is a jjoint of much importance, but is too often

neglected. It is clear that in coarse hackles, say one inch apart, if

all the pins in each hackle of the round were set in exactly the

same position, there would remain bands of the fibre one inch in

breadth which would be absolutely unhackled. It is to obviate this

that a system of grouping the pins is employed, as illustrated in

Plate 58. Supposing a hackle 10 inches long be fitted with ten pins,

or one pin per inch, and there be twenty-five hackles in the round

or circumference of the sheet : hackle No. 1 is pierced for its first

pin at a distance from the end compatible with strength, hackle

No. 2 is bored l-25th of an inch farther from the end. No, 3 the

same distance farther still, and so on, till hackle No. 25 has its first
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pin one inch farther removed from the end than that of the first

hackle. This grouping being carried out over the entire length of

the hackle, it will be seen that no part of the flax is left unoperated

upon. In this way hackles should be grouped up to ten pins per inch,

above which, owing to fineness, grouping becomes unnecessary.

Speeds have next to be considered. Channels and hackles can be

speeded independently of each other, by which means the quantity of

work turned off and its hackled state can be regulated. The degrees

of hackling depend largely on the number of pins jjassing through the

flax in a given time. Thus an extra revolution or two given to the

sheets in relation to the vertical movement of the channels will

produce increased cutting, and is a simple and ready method of

attaining the object, but one which cannot be generally recommended,

because any increase in speed must result in decrease of yield. If

a parcel of flax require more cutting, and it be not practicable to

alter the hackles to finer, it would be wiser to reduce somewhat the

relative speed of the channels, and thus give the flax a longer time

in the hackles. A slow-running sheet with finer hackles is greatly

to be preferred to a quick-running sheet with coarser hackles ; by

the former method the same number of pins may be passed through

the flax, accomplishing the same degree of cutting, but with a much
superior result. A recent improvement added to long hackling

machines, with a supporting gable in the centre, enables a differential

motion to be given to the hackles. The various shafts are separated

at the centre gable, and driven from their opposite ends through

change-wheels which drive them at different speeds. Thus the first

half of the machine may be driven more quickly or more slowly than

the second, so as to suit the exigencies of any parcel of flax that is

being worked.

The size of the stricks or pieces of flax is also a matter of

consideration. The smaller they are made, the smaller is the number

of fibres to be dealt with ; and as a consequence the hackle pins arc

capable of dealing with the strick more carefully and thoroughly

than if a larger bulk be delivered to them. These advantages of

slow speeds and small pieces do not require emphasizing, having been

sufficiently taught by experience.
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Ending Machine.—Naps appear frequently iu the top end of

some flaxes, and their thorough removal is a necessity. If the

machine cannot free them, then the sorter must. Finer hacUes

will indeed grip them ; but as they appear only in the extremities

of the flax, unnecessary and destructive hackling would be given

to the entire fibre, if these finer hackles were mounted on the

machine. To obviate this, an adjunct machine has been introduced,

called an ending machine, Plate 61, in which the speed of the

hackles is not prescribed by that of the machine to which it is

attached, though driven from the latter. The ending machine i&

quickly adjustable in height, and can thus be brought to operate on

only that portion of the flax requiring its use. The hackles may be

made as fine as necessary, and they effectually detach the naps

without useless hackling of the fibres. When mounted with suitable

hackles and driven at proper sjieed, these ending machines are

equally useful in clearing out and switching the bulky roots of

many flaxes, thus giving an equally hackled strick, without any

detriment to the less bulky portions of the fibre which have already

been sufficiently hackled.

The flax having been machined is taken to the sorter, who passes

each handful through hackles proportionate to the fineness of the

flax, thereby removing any lumps, naps, or loose tow left by the

machines. He then squares the ends, and carefully sorts each piece

into different qualities suitable for spinning. The hackling process

is thus completed, and the flax, in this condition called " dressed

line," is conveyed to the store.

Discussion.

Mr. Horner exhibited a series of samples of flax in the successive

stages of its treatment, from the plant itself to the " dressed line
"

ready for spinning into yarn. Also a pair of bottomless rollers for

cracking the boon without bruising the fibre ; sj)ecimens of
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" rouglier's tools " or coarse hackles for rougliing the flax by hand
;

leather bands or " sheets " from the hackling machine, -nith successive

lengths of hackles attached ; separate specimens of hackles of

different kinds ; flax holder ; and catch bar for shifting the flax

holders to the next finer hackles.

Mr. MoNTSERRAT H. Walker, Castle Gardens Spinning

Mills, Newtownards, said that flax was certainly treated a

great deal better on the continent than it was in this country,

and a greater proportion of yield was there obtained from

the retted straw. The reason was in part the existence on the

continent of a class of persons called flax farmers, who did not

themselves grow the flax, but bought it on the field in a green state,

and then pulled it up and worked it in their own interest with the

object of getting the greatest possible yield out of it. In Ireland

the flax grower merely mshed to get it scutched, and to get it done

as cheaply as possible, not caring whether there was much or little

waste. All over Ireland the price paid by the flax grower for

scutching was only about thirteen jience per stone of 14 lbs. ; on the

continent the 2)rocess cost the j)erson who bought the flax and

scutched it himself about double that amount, and he nevertheless

found that it paid him, because he got a greater jaeld out of the

straw. The flax coming off the straw would give from 8 to 23 per

cent, of scutched fibre, according to how the straw was handled and

watered. There was also on the continent a much more uniform

class of straw. The flax farmers there understood how to treat the

fibre. In this country, where so much linen was produced, he

thought it was a great pity that the industry of flax growing was

not properly looked after. It would certainly be to the interest of

flax mill owners if they would take into their own hands the treating

of the flax aftca- it was ready for pulling. At the present time his

father was interested in a few fields of flax which he had bought, and

he intended to try the continental system of treating it.

Mr. John Euskine, Whitehouse Spinning Mills, had given much

attention during his whole life both to flax and to engineering ; and
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while confirming the accuracy of the descriptions given by the author

in dealing so exhaustively with all the various stages of flax handling

and hackling, he thought the march of jirogress had been slower than

it ought to be in regard to all the improvements mentioned in the

paper. Flax scutching still remained in a rude primitive state, and

there was much yet to be desired in the handling of flax, though no

doubt great efforts had been made to grapple with the subject. In

the manipulation of the flax for the preparation of the " dressed

line " great imj)rovements had been made of late years in the

manner described in the paper, especially in the grouj)ing and the

manner of using the pins in the hackles so as to be suitable to the

particular class of material under treatment ; and these imj^rovements

had enabled the mill owners to spin a more perfect yarn than

formerly. The improvement arising from longer hackling machines,

which had been referred to in page 291 of the paper, had consisted

not only in improving greatly the fineness of the dressed line and in

making less tow, but also in giving a more uniform character to the

flax as regarded the size of the individual fibres. Unless these were

made uniform in theii- thickness or fineness, it was impossible to spin

a uniform yarn. The production of flax yarn was beset with much

more difficulty than the production of cotton yarn ; it was a kind of

mechanical joining, and there was nothing in the flax fibre causing

it to adhere as the fibres of cotton did. In the first place it was

difficult in the hackling to produce the fibre evenly, and in the next

place the doubling of the sliver was also a difiicult process ; and all

this had to be successfully accomjilished for producing an even

yam. Some of the Belfast manufacturers had devoted their lives to

the study of the best mode of achieving this object ; with the result

that the flax j)roduced by means of the longer hackling machines

which had been introduced was second to none in the world. Flax

spinners however had been a little too slow in recognising the fact

that, notwithstanding all di'awbacks, including the advance of wages

from time to time, machinery of different kinds was now by the use

of good tools being produced 50 per cent, cheaper than before. If

flax spinners were equally on the alert to take advantage of existing

good tools and to encourage the production of still better, they might
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do a great deal more than tliey had done in the way of rendering the

manipulation of flax more jDerfect and reducing the expense of labour.

Possibly their hesitancy might be partly owing to the unwillingness

of operatives to handle ^ new machine ; but at the present day, when

labour was so uncertain, and when the artizan was at times

unreasonable in his demands, he thought that flax spinners,

considering the desirability of keeping in the front rank, ought to

show a little more spirit in adopting improvements in scutching

and various other operations in connection -nith the manipulation

of flax.

Mr, John B. Pirrie, Barn Flax Sj)inning Mills, Carrickfergus,

said his own experience confirmed the remarks of the previous

speakers as to the need of improvement in the dressing of flax for

the manufacture of yarn.

Mr. John Fisher, Prospect Spinning Mills, having been

connected with flax dressing from 1850, considered the paj)er had

given a clear exposition of the present method of flax dressing
;

and in regard to scutching he agreed -with, the author that this

process was still in a very jDrimitive condition. It was true that

attempts had been made to improve the method of scutching ; but

he believed it was the general opinion that these attempts had

hitherto failed, and that there was still room for inventive genius to

secure the wealth now going to waste in scutching. For the

process of dressing the flax after it had been scutched, successive

steps had been taken in the direction of improving the hackling

machines. When he first went into the flax industry, there was in

operation a contrivance called a flat machine, which was an attempt

to perform by machinery the work previously performed with

hackles by hand. The flax was^ stretched, not vertically as in

the present machines, but horizontally ; the hackles travelling

horizontally passed through it and hackled the under side first

;

then the business of the boy in attendance was to tm-n the flax over

on the hackles, so that the upper side might be done. That was

but a small improvement upon hand-hackling. Then there came the
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reversing-cylincTer raaclune, invented by tlie late James Combe of

Belfast, in wbicli an attempt was made to do away with the boy

turning tlie flax over on the hackles. The flax was suspended from

an iron holder, which was placed longitudinally over the centre

line of a horizontal cylinder carrying the hackles ; as the cylinder

revolved in one direction it dressed the side of the flax next it, and

then by automatically reversing its motion it dressed the other

side. The machine was cumbrous, expensive to keep up, and

unsatisfactory. Instead of the horizontal plan an upright

method was then adopted, which was the most sensible

and likely to be the most lasting mode of dressing flax, as

represented in the machines that were now made. The flax was

suspended vertically, and the two sides of the piece were dressed

simultaneously by the hackles. In that way the operation was

performed as perfectly he thought as it could be expected to be done

by machines. There used formerly to be no more than six hackles

in the length of the machine ; but as stated in the paj^er there were

now as many as twenty in some of the machines. These longer

machines were decidedly preferable in many ways to the shorter :

they could be run at a lower speed, which was a decided advantage
;

greater wear could be got out of them, they lasted a far longer time,

and gave much better results in the cutting of the flax more evenly.

They were of course more expensive than the shorter machines;

but this was compensated for by the im2)roved results. Of the

ending machine he had not been able to avail himself much,

preferring to have the hackling completed in the long machines,

which he generally managed to accomplish. But no doubt there

were cases in which the ending machine was useful ; and some

spinners found advantage in it.

Mr. William Dronsfield asked whether it was not necessary to

keep the points of the hackle pins sharp and true ; and if so, what

method was adopted for accomplishing that object.

Mr. Benjamin A. Dobson, Member of Council, noticed that the

backward condition of th^ flax-scutching industry in Ireland was
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attributed in the paper to the fact that the farmer did not seem to

take much interest in getting the fullest yield of fibre from his flax.

A similar state of things existed in the much larger industry of

cotton manufacture. The yearly value of the flax crop in the

north of Ireland he did not know ; but the cotton crop in the

southern states of America was worth annually between 75 and 100

millions sterling, and, extraordinary as it might appear, that

industry was in the same backward c6ndition as the flax industry

;

for every year that enormous crop of cotton was damaged to the

extent of 5 per cent, of its value by inefficient machinery. This had

been pointed out to the cotton j^roducers, both the planters and the

ginners, and the fact was acknowledged by them ; but because it

was nobody's interest in particular to take the matter in hand and

improve the present condition of things, it was left as it was. The

cotton planters took their cotton to be ginned ; and all that they

wanted was to get it ginned as soon as possible, and to sell it for

Avhat they could get for it. It commanded a ready sale, and they

never had it left on their hands : so that they were satisfied. With

regard to the ginners, who owned the machines that separated the

cotton-seed from the fibre, their only object was to get through the

work as quickly as possible, and at the least cost of time, trouble,

and money. So it was that these two parties, whose one object

ought to be to get the best possible result out of the abundance

which nature had provided for them, yet neglected their duty to such

an extent that there was annually a loss of considerably over three

millions sterling in the produce of the cotton plantations in the

southern states of America.

Mr. Bryan Donkin, Member of Council, asked for some

information as to the jiower required for working the machines

described in the paper, and the sj)eed at which they were driven

;

and also the approximate number of machines at work in this coimtry

and elsewhere.

Mr. Horner was glad to have had the present ojiportimity of

preparing a paper for the Institution upon this subject, in order that
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one of the real Irisli grievances might be tlioroiiglily and properly

ventilated. The scutching of flax in this country he considered was

carried on in a manner which was seriously to be deplored ; and

many thousands of jjounds sterling were annually going to waste,

which might go into the pockets of the farmers. Among the

samples of flax wliich he had brought for illustrating the successive

stages of its treatment were some of the plants freshly pulled

yesterday, having still the flower on j)art of them ; and for these the

present time of holding the meeting was most opportune, as the flax

was just now being pulled. It was pulled by the roots, and after

being steeped for some time in water for allowing the necessary

chemical change to take place, it was dried and produced in the

condition shown by another sample. The boon which was inside the

fibre was then taken out. It was made brittle by the steeping or

retting process, so that it readily fell away from the fibre when

properly treated. Proper rolling was necessary, in order that the

boon might be removed without unnecessary loss of fibre.

Mr. Walker, who, besides being a practical flax-spinner, was a

practical scutcher, was quite right in saying that on the continent

flax was treated in a much more sensible manner than in Ireland.

Here the farmer insisted on having his flax scutched at once, in

order that he might get his money ; and was callous as to the yield.

Accordingly a large bulk was put through the old-fashioned rollers,

the invention of 150 years ago, and about 25 per cent, of the fibre

was lost in the tow. On this j)oint he had been informed by

Mr. Walker that the loss ranged from 15 to 40 per cent., and that

25 per cent, might be taken as the average ; and that with j)roper

treatment fully two-thirds of this might be retained in the long fibre.

When it was considered that the average price of the tow when

re-scutched was about £14 or £15 per ton, which might be in fibre

at £50 per ton, it would be seen that there was a great loss to the

farmer. He exhibited a piece of flax which had been rolled by the

old rollers ; it would be seen that it was scarcely broken,* and that it

would stand perfectly upright ; it was simply softened, so that the

scutcher was enabled to bend it better to the action of the scutchins:

handle. The boon was inside the fibre ; and in order to get the straw
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away from the boon, the fibre had to be treated first, and a great

waste was thereby occasioned. On the principle of the bottomless

rollers and of the flax being treated in smaller pieces, it wns

thoroughly broken ; tnere was practically very little straw left, and

what was left was readily taken away. The mode of dealing with

flax in scutching mills should be to treat it in small pieces, working

it carefully. Into this flax-growing and flax-spinning country a far

larger amount of flax was imported than was gro^Ti here, although it

was possible for Ireland to grow the whole of the flax required for

home consumption. After the flax had been scutched, as shown by

the samples exhibited, it was received by the mills for hackling, and

was there first roughed ; then the ends were squared, and the flax was

hackled in the machines. The samples of machined flax showed how

the fibres were split and cut longitudinally into thinner sizes. It

was then drawn through the smaller and finer tools, by means of

which it was carefully sorted into the various spinning qualities.

These were the principal processes which the flax went through

from its grown state until it was completely hackled.

The sujiport which Mr. Walker and Mr. Erskine had given in

their remarks was of great value, as coming from those who were so

intimately acquainted with the flax trade. Mr. Fisher's historical

sketch of the i)rogress of flax hackling within his own recollection

was also most interesting.

It was certainly desirable that the hackle pins should be kept

«harp and true (page 299) ; but there was no method of sharpening

them after they had been fixed in the hackles, as could be done in the

preparation of other fibres. If a pin became blunt, it had to be

replaced by another.

It was a surprise to him to hear (page 300) that the industry of

preparing cotton for the cotton mills in America was as mucli

behind-hand as tlie flax-scutching industry. Things were therefore

perhaps not so much behind-hand in Ireland, in relation to other

coimtries, as he had himself imagined.

The driving power required (page 300) was from ^ to J H.P.

for driving one of the hackling machines, according to the

length of the machine. In regard to the number of machines
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working iu this country, roughly speaking there was one pair of

hackling machines to about a thousand spindles ; and in Ireland

there were probably 600,000 or 700,000 spindles.

The President proposed a hearty vote of thanks to Mr. Horner

for his interesting and instructive paper, of which the Members had

already shown their appreciation by their applause.

2 I
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ELECTEIC LIGHTING IN BELFAST.

By Mk. YICTOE A. H. McCOWEN,
Electrical Exgixeek to the Belfast Corporation.

Belfast, like many other large cities, was slow to make

advances towards tlie adoption of a system of Electricity Supply.

the Corporation prudently preferring that others should experiment,

and that they themselves should profit by the experience thus

gained. As moreover they were the owners of the gas works, and

justly jDroud of the reputation they had gained of having their

thoroughfares well lighted by gas, and as that undertaking was also

a paying concern, they had no intention of allomng private enterprise

to occupy the field. No fewer than seven private notices were

served in 1882 of intention to apply for provisional orders for power

to supply electricity within the city. All these applications were

successfully opposed ; the Corporation remained in possession, and

for seven years no further active steps were taken.

During these seven years the outjiut of gas had risen from 615

million cubic feet in 1882 to 907 million cubic feet in 1889 ; and

absolute necessity was shown for the extension of the gas works

to coj)e with the enormously increased consumption. A great

difficulty arose as to where a suitable site for that extension could

be found. The Gas Committee were thus led to consider the

introduction of Electric Lighting. In September 1889 they reported

that in their opinion the time had arrived when the Corjjoration

should obtain powers to supply electricity for lighting, &c., within

the city ; and they also recommended that authority should be given

to apply to the Board of Trade for a provisional order for this
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purpose. Application was duly made, and the necessary power was

granted in tlie Belfast Electric Lighting Order 1890 and in the

Belfast Corporation Various Powers Act 1890. The Gas Committee

were authorised to pay £50,000 out of the surplus profits of the gas

undertaking towards the establishment of the electric light. Mr.

James Stelfox, engineer and manager of the gas works, reported

regarding the proposed extensions, that "it must remain with the

Gas Committee to decide to what extent they would anticipate the

success of the electric, or any other method of lighting, resulting in

a decrease in the demand for gas. « * * * j believe that as yet

the use of electricity in any place has never resulted in a lessened

demand for gas, and I see no reason to believe that such a result is

now probable." The Gas Committee subsequently reported to the

Council that they had had under consideration the introduction of

lighting by electricity, and that, taking into account the importance

of the matter, they recommended the Council to appoint a special

committee to procure all the information requisite for their guidance

thereon, and to draw laji a report embodying the same. This committee

was appointed, and, after visiting the principal electrical installations

in and around London and the Electrical Exhibition at the Crystal

Palace, reported in October 1892 in favour of establishing an

installation of 10,000 lamps of 8 candle-power, with room for

extension. It was next decided to obtain the assistance of a

consulting engineer, and Professor Alexander B. W. Kennedy, F.E.S.,

of London, was appointed. On account of the saving in capital cost,

and other circumstances of the case, he recommended the system

about to be described.

Area supplied.—The area at present suj)plied with electricity in

Belfast is shown in the plan, Plate 62, and comprises probably the

best part of the city. It includes first-class shops and offices, hotels,

clubs, theatres, and churches ; and in Howard Street and College

Square private houses. The following statement gives the percentage

of lamps connected for different classes of consumers :

—

2 I 2
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Per cent. Per cent.

Shops, closing late ...... 8

„ „ early 30

„ „ ., but late on Saturday night . 25— 630
Offices 11-0

Hotels and Clubs 60
Theatres . . . 12-0

Churches 4-8

Private Houses . . . . . . . .20
Motors 1-2

Total 100-0

As sliops and offices togetlier form 74 per cent, of the total

consumption, tte shape of the load curves depends greatly on their

hours of closing. In Fig. 20, Plate 73, are given cui-ves for

Wednesday and Saturday in the same week, the ordinates denoting

amperes at 110 volts. The Saturday curve shows the effect of the

late closing of some shops, a much better load being then given, with

no very objectionable peak. The distance of the farthest lamp from

the station is as yet only about 800 yards, since the present area

supplied with electricity is only a small part of the city. When mains

are laid in the residential districts, the load curve will doubtless be

greatly improved. A good motor day-load is looked forv\-ard to in

course of time, as there is no doubt respecting the several advantages

of electric motors, more especially to small users of power, and

where the power is required intermittently. Up to the present the

question of street lighting has not been considered.

Mode of Distribution.—The system of distribution is what is

known as the three-wire low-tension. The current is sujjplied to

consumers at 110 or 220 volts pressure. The distributing mains

laid throughout the area, as indicated by the distinctive lines in

Plate G2, are connected up in a network, and fed by feeders from the

generating station at the seven points shown. The feeders deliver

the current at the feeding points of the distributing mains at a

pressure of 220 volts. The drop in the feeders at full load is 10 per

cent. The pressure between the middle wire and the positive or
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negative is 110 volts. Pilot wires are connected from the feeding

points to voltmeters in the generating station : so that the switchboard

attendant can always see what the pressure is at these points, and

keep it constant by due regulation.

Charges and Pressures.—The charge for current for lighting is

7d. per Board of Trade unit, with discount ranging from 2^^ to 17J
per cent, according to consumption ; the maximum discount reduces

the price to 5"77cL per unit. The charge for current for motors,

heating, &c., in daylight hours, is 4f7. per unit with the above

discounts, of which the maximum reduces the price to 3
' 3d. jjer unit.

Meter rents range upwards from 2s. 6d. per quarter, according to

size of meter. The meters in use are those of the Ferranti type.

Installations containing over fifty lamps of 8 candle-power are wired

either with single 220-volt lamps, or with pairs of 110-volt lamps

in series, or on the three-wire system. Motors of over one horse-

power are supplied with current at 220 volts.

Station.—The generating station is situated between Chapel Lane

and Marquis Street, Plate 62, within 250 yards of Castle Place,

which is practically the centre of the city ; it is therefore a good

position from which to distribute the supply. In the selection of the

site, the question of convenience for delivery of coal, removal of

refuse, &c., had not to be considered. The buildings were designed

by Mr. C. Stanley Peach, of London ; their general arrangement and

the position of the machinery &c. are shown in Figs. 2 to 4, Plate 63.

The shape of the site is rather irregular, and the space available has

been made use of to the best advantage.

The engine room occupies the central and larger portion of the

site, and measures 85 feet long by 33 feet wide at the east end and

4:4 feet at the west end. A 6-ton overhead travelling crane is

provided, of which all the motions are actuated from below by means

of ropes. The switchboard platform is raised about 4 feet above the

floor level, and runs the whole length of the west wall of the engine

room. The battery room, measuring 28 feet square, is situated

between the engine room and the offices, on the same level; it



308 BELFAST ELECTRIC LIGHTING. Jily: ISyG.

contains four rows of stands for tlie cells, and is provided with

arQj)le means of ventilation. The offices occupy the west end of the

site, with frontage to Marquis Street. The meter-testing room and

store room are above the offices, on the first floor. A fitting shop

and driver's room are jilaced at the east end of the building ; and

above them is the cooling tank. Fig. 4, measuring S-L^ by 12i feet

and 4 ft. 2 ins. deep. Owing to the absence of anything like solid

foundations to build upon, the whole site was jailed with 480 piles

of 35 feet length. A 3-inch memel flooring was secured to the pile

heads, and on this was placed concrete to a depth varying from 3 to

4 feet, to form the engine beds and the foundation for the walls of

the building.

Engine Moom.—The machinery in the engine room consists of the

following engines and dynamos. Fom- 120 I.H.P. tandem double-

acting horizontal gas engines, running at IGO revolutions j^er minute,

and driving, through eight {-inch diameter cotton ropes, four 57-6

kilo-watt dynamos of 240 amperes and 240 volts at a speed of 600

revolutions per minute. Two 60 I.H.P. single-cylinder double-

acting horizontal gas engines, running at 160 revolutions per

minute, and driving through eight f-iuch diameter cotton ropes two

26*4 kilo-watt dynamos at 750 revolutions per minute. Two
150 I.H.P. four-cylinder single-acting high-sj)eed vertical gas

engines, running at 380 revolutions per minute, coupled direct to

two 72 kilo-watt dynamos of 300 amperes and 240 volts.

Switcliboard.—The switchboard, of which a front elevation is

shown in Fig. 6, Plate 64, consists of five slates, each about 7 feet

high ; the centre one is 36 inches wide, and the others 32 inches. All

are bolted to an iron frame-work, fixed on the switchboard platform

about 4 feet from the engine-room wall. The centre slate carries

the feeder and omnibus-bar voltmeters, the battery instruments and

regulating gear, and the middle-wire ammeter and connections.

The other four slates carry the feeder and dynamo instruments,

switches, &c. ; the two on the left-hand are for the positive side of

the system, and the two on the right-hand for the negative side.
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In Plates 65 and 66 are shown diagrams of tlie switcliboard and

connections to tlie maclaines, battery, liospital-cell board, &c. Tbe

macbine and feeder bars, wbicb are tbe vertical bars on tbe outer

slates, are fixed on tbe front ; and eacb is provided witb tbree boles,

tbrougb wbicb a plug can be inserted to make connection witb any

one of tbe tbree omnibus bars tbat are fixed borizontally at tbe back

of tbe board, as sbown dotted in Plate 64. Tbe feeder bars are tbose

connected to tbe ammeters F, to tbe switcbes FS, and to tbe fuses

FF. From tbe feeder-fuses to tbe j)oint wbere tbey leave tbe

station, tbe feeders are brougbt in tbe form of bare solid copper rods

supported on insulators, wbicb are fixed bebind tbe match-boarding

at tbe soutb side of tbe engine room. Tbe machine bars are side by

side with tbe feeder bars, and tbe connections to the machine

ammeters and automatic switches are at tbe back. Tbe leads from

the dynamos consist of insulated cables, which are brought along

bebind tbe match-boarding at tbe north side of tbe building.

The automatic switcbes are arranged to break circuit, should

the current from the machine fall below 10 amperes. The shunt

change-over switch is sbown above tbe automatic, and connected

witb it by an interlocking lever. An ampere-hour meter is

connected in the circuit of each dynamo, and registers tbe work

done during a run, tbe readings being taken at start and finish.

The voltmeters are Kelvin multi-cellular electro-static, and are

provided witb multiple-contact switches. The feeder voltmeters

show the pressure at any feeding point between tbe middle wire and

the positive and negative wires. The bar voltmeters show the

pressure between tbe positive and negative omnibus bars, and also

between tbe middle wire and any of the omnibus bars. Tbe dynamo

voltmeters are used for showing tbe voltage of tbe machines before

putting them on to the circuit.

The batteries are connected through their ampere-hour meters,

polarized ampere meters, and emergency switches, to tbe top

omnibus bars. The usual practice at full load is to have all tbe

machines and feeders plugged in parallel on this bar ; but should it

be necessary to run any particular pair of feeders at a different

voltage, this can be done by plugging that pair of feeders and a
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macliine on the bottom omnibus bar. As a matter of fact it bas

never been required to run a separate macbine on a separate pair of

feeders, as a very even drop all round is obtained.

Tbe link connections sbown at L, Plates 65 and 66, are in tbe

circuits of tbe small macbines, and are used for connecting tbem in

tbe following different ways :— (a) as balancing macbines on eitber

side of tbe system
;
(h) as a sj)ecial cliarging circuit for tbe batteries

;

(c) in i^arallel witb tbe large macbines across tbe system. Tbe

starting resistances and tbe sbunt resistances are fixed in tbe cellar

beneatb tbe switcbboard. Tbe sbunt regulating switcbes are fixed

on tbe bandrail of tbe switcbboard.

Battery.—Tbe battery consists of 126 cells of tbe Electric Power

Storage Co.'s 34 K or beavy-discbarge type : 63 cells for tbe

positive side of tbe system, and 63 cells for tbe negative. Tbe capacity

of eacb cell is 500 ampere-bours, at a discbarge rate of 100 amperes ;

tbe battery will bowever give a mucb bigber rate of discbarge

for sbort periods. Tbe j)lates are contained in lead boxes, wbicb

are supported on wooden stands, being insulated from tbe latter by

means of glass oil-insulators. Tbere are also eigbt bospital cells,

wbicb can eitber be used for assisting weak cells, or be put in series

witb tbe main battery. Tbe connections from tbe battery to tbe

regulator and switcbboard consist of bare copper rods supported by

oil insulators suspended from tbe roof.

Tbe metbod of regulating tbe battery is different from tbat

usually practised of cutting in or cutting out end cells. Tbe

regulation bere is accomj^lisbed by putting tbe cells at tbe middle-wire

end of tbe positive battery in parallel witb tbose at tbe middle-wire

end of tbe negative battery : tbe otber ends of tbe batteries being

connected tbrougb ammeters and emergency switcbes to tbeir

respective omnibus bars. Tbe regulator is placed in tbe battery

room, and is worked from a bandwbeel on tbe switcbboard by means-

of a rack and pinion. A reversible ampere-bour meter, wbicb

registers botb cbarge and discbarge, is connected in eacb battery

circuit.
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Dynamos.—The dynamos are by Messrs. Siemens Brothers,

double-pole with drum armature and shunt-wound. The rope-

driven machines are provided with heavy fly-wheels, and the larger

ones have three bearings. The two small machines of 26 "4 kilo-

watts have double-wound armatures, each winding connected to a

separate commutator. By means of a plug-board the armatures can

be put in series or in j)arallel, so that the machines can bo run

at 110 to 120 volts for balancing, or at 220 to 240 volts across the

system. The voltage can also be increased to 270, if required. The

rope-driven machines are j)laced close uj) to the back end of the

back cylinder, to save floor space ; and backward driving has been

adopted, in order to get the slack of the rojpes at top.

Gas Engines.—The six horizontal gas engines were manufactured

by Messrs. Dick, Kerr and Co., Kilmarnock, under Hartley and

Kerr's system. As shown in Plate 67 the four larger are double-

cylinder double-acting, with the cylinders working tandem and the

two pistons on the same rod, which is connected through cross-head

and connecting-rod to the crank. The bore of the back cylinder is

13£ inches, and of the front 13^ inches; the stroke is 20 inches.

The fly-wheel and driving-wheel, one fixed on each end of the

crank-shaft, are each 8 feet 5 inches diameter, and weigh 37 cwts.

and 29 cwts. respectively ; the driving-wheel is grooved for eight

-|-inch ropes. These engines run at a speed of 160 revolutions per

minute, and indicate 120 H.P. ; the number of explosions per minute

is 320, or two per revolution.

The two smaller engines are single-cylinder double-acting

;

the cylinder is 13^ inches diameter and 20 inches stroke. They

run at 160 revolutions per minute, and indicate 60 H.P. The

number of explosions per minute is 160, or one per revolution. The

fly-wheel and driving-wheel are each 7 feet diameter, and each

weighs 57 cwts.

The cyclical variation in the speed of the tandem engines is

very small, owing to the number of explosions, their low initial

pressure, and their even distribution, the number of explosions being

as 4 to 1 in comparison with a single-cylinder single-acting engine.

The impulses occur in the following order :

—
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1st impulse in the Front cylinder, Front end, ' angle of crank 0' to ISO'

2nd „ „ „ „ Back „ „ 180^ to 360'

3rd ,, „ Back „ Front „ „ 360° to 540°

4th „ ,, „ „ Back „ „ 540° to 720°

There are tlius four complete Otto cycles in two revolutions ; and

this working is continued right through the whole range of the

engine load. The diagram in Plate 74 illustrates the impulses, and

shows at a glance the relative steadiness in comparison with the

single-acting Otto-cycle gas engine in general use. Each impulse

is marked, and each half revolution of the crank is represented by

a vertical line.

Governing.—The method ot governing is different from that

usually adopted of missing an explosion. With these engines the

impulses are continuous, and are graduated according to the load

in the manner about to be explained. In Plate 75 are shown sets of

indicator diagrams taken from No. 6 tandem engine, at several

different loads, from 20 per cent, overload down to only dynamo

excited, all ends working right through, and no explosions being

missed. [See also Table 1 in page 324.] In Plate 74 are shown

the relative positions of the different operations which are being

performed in the cylinders, and how evenly the work is divided, an

Otto cycle being completed during each single stroke. In the

single-cylinder engines the same even distribution of work done

is not obtained ; and heavier fly-wheels have therefore been

provided.

"With the tandem engines it is at once seen that very steady

working may be attained without running at a high speed. These

engines were originally intended to work down to one-third of full

load without missing an explosion ; and it was thought that at

lighter loads an explosion might be missed, and still sufficient

steadiness be maintained. In Fig. 25, Plate 76, is shown a diagram

taken when running at light loads and missing an explosion. It

was found however that the missing of an explosion at light loads

affected the steadiness too much ; and the adjustment of the engines

was then taken in hand under the immediate personal supervision of
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Mr. Hartley, witli tlie result of obtaining finely graduated

impulses, such as the writer believes have previously been unknown

in gas engines. The engines are now capable of working from

20 per cent, overload down to no load, without missing an explosion.

The diagrams in Fig. 26, Plate 76, show the engine running light and

without cutting out. Here the initial pressure is 60 lbs. per square

inch ; the pressure when the piston is at half stroke is 20 lbs. ; and

the terminal pressure is 3 lbs. The word explosion seems here

somewhat misapplied, considering the extremely low steady pressure

all through the stroke.

Graduation of Exjdosions.—The difficulty to be overcome was

the prompt ignition of the charge without initial shock, and under

the difficult conditions of a rich charge varying down to an extremely

poor one ; and also to reduce the terminal pressure by more complete

combustion in the cylinder. The diagrams in Fig. 27, Plate 76, show

the graduated nature of the explosions under varying loads after the

final adjustment of the engines. It will be noted that the charge

ignites promptly and without shock ; and the low terminal pressure

shows that the charge is also utilised to the best advantage.

The quantity of air supplied to the cylinder is practically

constant, the quantity of gas only is varied; and hence the

difficulty of ignition. It is well known that a poor mixture of gas

and air ignites slowly ; this is shown in the diagrams in Fig. 25,

Plate 76. The method adoj)ted, whereby the results shown in the

diagrams in Figs. 26 and 27 were obtained, appears to indicate that

stratification actually takes place in the gas-engine cylinder, and that

for certain purposes it may be rendered of great use. The regularity

of the ignition was attained by admitting gas to the cylinder later and

later in the charging stroke ; and even at full power a considerable

quantity of air is drawn into the cylinder before gas is admitted.

At light loads this results in the cylinder being almost full of air

immediately following the piston, with only a small portion of rich

and explosive mixture near the ignition chest. The ignition is

controlled by a timing valve, which opens always at the same point

of the stroke.
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The gas chcarge is varied by a novel device, whicli is controlled

by tbe governor. Tbe gas valve is worked by an expanding cam,

which may be described as an ordinary gas cam divided into three

leaves in planes at right angles to the axis of the cam shaft.

These three leaves are capable of being spread or closed by a sliding

key, which slides in a keyway cut in the cam shaft, and is controlled

by the governor. A helix ujjon the key engages the leading leaf of

the cam ; and when the key is moved longitudinally along the shaft

in either direction by the governor, the cam is spread or closed as

the case may be. The middle leaf is loose on the shaft, and has a

slot in which works a piu fixed on the leading leaf ; the third leaf

is fixed on the shaft. The key and cam are held in position by a

detent, during the opening of the gas valve ; but immediately it is

fully opened the detent is released, leaving the cam again under the

control of the governor. A Buss governor is employed, and the

gas-valves are gridiron slide-valves ; all other valves are of the

mushroom type.

Ignition.—The method of ignition is by hot tubes, which are of

ordinary wrought-iron, nickel steel, or porcelain. The economical

life of the wrought-iron tubes is found to be rather short ; after

about fifteen hours the tube gets partially choked up, and gives late

firing.

Lubrication and Packing.—The cylinders are provided with

valve lubricators opening inwards ; the oil is drawn in during the

charging stroke. Asbestos packing is used for the piston-rod glands,

and no trouble has occurred with hot rods, notwithstanding the high

temperatures to which they are exposed ; they are as bright and

clean as those of a well-kejjt steam-engine. The lubricant is

ordinary gas-engine oil.

Cooling Water.—The cooling water from the overhead tank,

Fig. 4, Plate 63, is circulated by means of small centrifugal pumps

driven by belt from the crank-shaft of each engine. The evaporation

is made up through a ball-cock valve connected with the tank, and
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supplied by tlie town water supply. The town water can also be

mixed in any required proportion with the tank-water. Separate

connections are made to the cylinder covers and jackets ; and

regulating cocks are supplied for the necessary adjustments. When
returned to the tank, the water is discharged into a long timber

shoot provided with a number of holes, by which it is broken up

into a shower, thus presenting a larger surface to the atmosphere,

whereby the cooling is accelerated. This plan has been found of

distinct advantage ; and on few occasions has water been required

from the town supply, even when running four or five engines

together. The capacity of the tank is 10,700 gallons at 4 feet

dejJth. «

Gas Supphj.—The gas is supplied through an 8-inch branch

from the Corporation gas mains, brought into the station at the

Chapel Lane end and connected to three 500-light diy meters ; the

three are connected in parallel, and each is provided with a by-pass.

The gas is conveyed from the meters through an 8-inch main, which

rims the whole length of the engine-room, supported by brackets on

the columns. Each engine gets its supply from the main through

a 3-inch branch pipe, provided with a valve and gas bag. The
ignition gas is supplied through a separate pij)e and meters. The

horizontal engines each deliver their exhaust gases through 6-inch

branch pij)es into a common 18-inch exhaust main. A silencer is

connected between the main and the uptake. In Figs. 30 and 31,

Plate 78, are shown curves of gas consumption, plotted from the

results of tests on a tandem and on a single engine : they show the

total gas consumption per hour, per indicated H.P. per hour, per

<;lectrical H.P. per hour, and per kilo-watt per hour ; and also the

percentage of efficiency, or ratio of electrical H.P. to indicated H.P.

These results are also given in Tables 1 and 2, pages o24:-5.

High - Speed Engines. — The high-speed vertical engines,

Plates 68-70, manufactured by the Acme Gas Engine Co., Glasgow,

have four single-acting cylinders arranged in two lines of two

in tandem, working upon, opposite cranks. The pistons in the
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bottom cylinders form guides in tlie usual manner. The piston-rod,

connecting the toj) and bottom pistons, passes through a water-

jacketed cylinder, the packing being ordinary Eamsbottom rings

on the rod. The gas valves and mixture valves are of the

mushroom type, actuated by means of cams. The piston valves,

which control the exhaust and time the ignition, are worked from

a small crank-shaft, fixed on the same level and parallel to the

main crank-shaft, being geared from it in the ratio 1 to 2 through

steel spur-wheel and pinion. The cam shaft is also worked from

this, through an upright shaft gearing with both.

These engines being closed in, the base forms an oil chamber,

in which' the crank-shaft works. The bottom pistons and the

bottom piston-valves are lubricated by the splash from the cranks.

Lubricators are provided for the top cylinders only. The engine

base is extended to take the dynamo, and the crank-shaft is

coupled direct to the armature shaft. A fly-wheel of 3 feet

diameter is fixed on each end of the crank-shaft, the one at the

dynamo end weighing 28^ cwts. and the other 2A^ cwts. Each

cylinder is fitted with a stoj) valve, so that the engine can be run

on one or more cylinders as desired. Each cylinder is provided

with an ordinary pendulum governor ; and the usual method of

governing, by missing an explosion, is employed. Ignition is

obtained by means of the hot tube. When the engine is running

at full load, at its normal speed of 380 revolutions per minute and

no explosions missed, 190 impulses per minute are obtained in each

cylinder, or a total of 760 per minute in the engine. This, aided

by the heavy fly-wheels, gives very steady running.

The engines are provided with a sejiarate silencer and exhaust

pipe for each line of cylinders. The cooling arrangements are

practically the same as in the horizontal engine. Tank water

is cii'culated by means of a centrifugal pump ; and there is also a

direct connection from the town water-mains. Cooling pipes are

also fitted to the crank chamber. This kind of engine is sj^ecially

suited for steady driving, high speed being attained without knocking,

because all parts are kept in constant thrust by having a high

compression of about 90 lbs. per square inch in one or other of the

cylinders at every upstroke. When the bottom right cylinder is
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exhausting, tlie top right is compressing, and vice versa. The same

operation occurs in the left line of cylinders ; and by cushioning at

the toj) of the j^iston-valve cylinder, the piston valves are also kept

in constant thrust. Where economy of floor space is a consideration,

this kind of engine is highly suitable. An engine of 150 I.H.P.

requires a floor area of 6^ feet by 5 feet, or 32^ square feet over

fly-wheels ; and the combination of engine with dynamo of 72

kilo-watts necessitates an area of only 62^ square feet.

Starting Arrangements.—The engines can be started either

electrically or by compressed air. In the electrical starting the

dynamo is run as a motor off the omnibus bars, pulling the engine

round until it begins to explode. First the machine is plugged on

to the omnibus bar, the machine automatic switch being left oj)en.

A starting resistance is then plugged into the machine circuit, the

resistance switch being on the off contact. The field of the machine

is next excited from the omnibus bar, by closing the shunt switch on

the top or bar contact, Plates 65 and G6. An initial start is given

to the engine by the driver, and the current is switched on gradually

through the starting resistance. As soon as the dynamo is up to

speed, the starting current is cut off. The voltage is then regulated

by the shunt resistance, and the dynamo switched on to the circuit

by closing the automatic switch. The closing of this switch actuates

the shunt switch, changing it over from the top to the bottom

contact, and the dynamo then runs as a shunt machine. The
electrical starting is worked from the switchboard by the engineer

in charge.

In starting by compressed air, the engine has first to be turned

by hand by the driver into the correct starting position. The

stop valve admitting the compressed aii* is then oj)ened, and is

again closed as soon as a few explosions have taken place. The

dynamo is then run uj) to speed and its voltage regulated ; and it is

put on to the circuit in the ordinary way.

Compressed-air Starting Apparatus.—The air compressor has two

water-jacketed single-acting cylinders of 4^ inches diameter and

8 inches stroke. The pistons are driven by opposite cranks. The
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admission and delivery of air are regulated by slide-valves moved

mechanically. The crank-shaft carries on one end a fly-wheel, and

on the other a mortice wheel, which gears with a steel pinion on the

motor shaft. The power is supplied by a 6 H.P. electric motor,

running at 800 revolutions per minute, and taking its current from

the mains at 220 volts pressure. The air receiver is 12 feet long by

4 feet diameter, made for a working pressure of 100 lbs. per square

inch, and tested up to 200 lbs. ; it is provided with safety-valve,

pressure gauge, &c. A 4-inch air main from the receiver runs the

whole length of the engine room, with a 2-inch branch pipe to each

engine.

In the tandem engines the connection is made to the back end

of the back cylinder. The compressed air is admitted during the

impulse stroke of that end by a valve actuated by a cam, thus giving

an impulse every second revolution. The gas is cut off from the back

cylinder while starting. As soon as an explosion occurs in the

front cylinder, the compressed air is shut off, the starting cam put

out of action, and the gas turned on, letting the back cylinder take

up its part of the work.

In the single-cylinder double-acting engines the arrangement

is the same, with only the difference in working that the gas is

admitted to the front end of the cylinder, while starting, but not

to the back end.

In the high-speed four-cylinder engines the compressed-air

connection is made to the bottom right-hand cylinder, which for

starting purposes is specially provided, firstly with a valve to close

the mixture-admission port, secondly ^;\-ith an exhaust, passage and a

valve to close it, and thirdly with an inlet for the compressed air. The

valve of this inlet is worked by a double-throw cam, thus giving an

impulse for every revolution in this cylinder. The speed increases

quickly ; and as soon as the explosions take place in the other

cylinders, the compressed air is shut off, the starting cam thrown out

of action, and the gas turned on to this cylinder.

Mains, Feeders, and Distributers.—These are mostly bare copper

strip in concrete culverts. The strip is simply supported on
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earthenware insulators placed 6 feet apart, whicli are held in place

by a pitch setting. The strip is laid in before the cover flags are

put down ; and extra copper can be drawn in at any time without

raising the flags. Everywhere the culvert is placed beneath the

footway. The lengths average 25 yards, and are built with a fall

towards the junction boxes, in order to allow any water that may
get in to drain off. The average depth of the copper below the

surface is 20 inches. The space required for a three-way culvert for

a distributing main is 27 inches wide, with a minimum depth of

18 inches below the surface. For a five-way culvert, which takes

the distributing mains and a pair of feeders, the space required is

34 inches wide with a depth of 18 inches.

Ctilverts.—In Plate 71 are shown sections of three-way and

five-way culverts. These are built of cement concrete in the

proportion of five of gravel and broken stones to one of Portland

cement. The side walls are 6 inches thick, and the bottom 4 inches,

all faced inside with cement. The covering slabs are 2-inch

Kilrush or Caithness flags. The culvert when dry is itself a fair

insulator, which is a great advantage where there is a possibility of

sometimes getting a sag of the strip between the insulators, as may

occur through the carelessness of workmen." At street crossings, and

under narrow footways where there is no room for a culvert,

insulated cables in cast-iron pipes are used. Connections between

the lengths of strip, or between cable and strip, are made in the

street boxes by means of gun-metal grip-boxes, which clamp the

ends together.

The copper strip is 1 inch wide and 0*2 inch thick, giving

0*2 square inch section. This is the section used in all the

distributing mains, both for middle and outer wires. When the

lamp density—that is, the number of lamps per yard—increases,

the section of the outer wires can be increased by putting in another

strip on the top of the present. The section of the feeders varies

from 0*4 to 0"8 square inch, according to the length; the longest

feeder at present is 520 yards.

2 k
/'
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Tlie distributing mains are all in parallel, and arc connected at

as many points as possible in order to equalise the pressure. They

are brought back to the station to supply current for the lighting, &c.

The middle wire is brought back from four different points of

the network. The pilot wires are in the form of three separately

insulated conductors, tmsted together and cased in lead; some

have paper insulation and others impregnated jute. The joints are

protected, either by a lead sleeve soldered to the lead covering and

filled with insulating oil, or by being placed in a special joint-box,

which is filled with insulating material run in hot. The pilot wires

are drawn into cast-iron pipes laid along one side of the culvert.

On account of the wet nature of the ground and the comparatively

low level of the city, special precautions had to be taken against

water getting into the culverts or accumulating in them ; and the

aim has been to make the whole water-tight. The street boxes are

built of brick, faced inside with cement, and the bottoms are concreted.

They are provided with a cast-iron frame and cover, the latter being

filled with concrete. A water-tight joint is made between cover

and frame by the use of House's slow-setting cement. Junction-boxes

placed in the roadway are provided with specially heavy frames and

covers, the latter being filled in with wood blocks. The covers are

provided with inspection plugs, which allow of making a rapid

examination of the system without lifting the covers. Any

accumulation of water can be removed through the inspection-plug

hole by means of a small hand-pump. A record is kept of the

condition of the boxes, and of the dates of their having been

pumped out. The covers are also lifted periodically for the

ventilation of the culverts. No trouble has been experienced from

gas accumulating in the culverts. At the laying of the mains all

defective gas services were renewed ; and those that ran close to the

culvert were coated with a mixture of pitch and tar.

The service mains are rubber-covered cables drawn into wrought-

iron pipes, which are laid from the nearest street-box. They are

connected to the Corporation-main fuses immediately inside the

building. The connections to the distributing mains are clamped in
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the case of bare copper strip ; and insulated T joints are employed

for connecting to cable.

Throughout the system the positive and negative mains occupy

fixed relative positions under the footway; namely, the negative

main or feeder is everywhere next the kerb, and the positive next

the houses. In the street boxes, Plate 71, the positives P are coloured

blue, the negatives N red, and the middle wire M black ; the service

cables are coloured in the same way. The feeders and distributers

are shown in their respective positions in the plan, Plate 62.

General RemarJcs.—From the experience here gained, the author

is of opinion that a gas-engine station necessitates more attention

than a steam-driven station ; and more drivers of a better class are

required for a given power than in the latter station. A couple of

men are always required for the electrical starting of an engine;

without their help the strain on the armature would be too great,

if the current were switched on when the machine was standing.

The following statement shows the cost of current sold from

23rd January to 31st December 1895 :

—

Number of units sold 82,771

„ lamps connected (equivalent iu 8 candle-power) . . 10,500

Revenue from sale of ciu-rent ....... £2,186

Average price obtained per unit ....... 6'3id.

Gas used as fuel ......
Oil, waste, water, and stores, including -i

ignition tubes ..... i

Salaries and wages at generating station .

Eepairs and maintenance of buildings, engines, )

dynamos, and accumulators... J

Repairs and maintenance of mains

Rents, rates, and taxes

Management expenses, &c.

Insurance ....
Total and Average .

Cost of

production.

£ s. d.

501 3

80 4

444 17

93 16

76

236

413

23

4 6

9 11

2

Per unit

sold.

Pence.

1-450

0-233

1-290

0-272

0-221

0-684

1-200

0-067

£1,868 17 8 5-417

2 K 2
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A macliine can be started up and got on circuit in about two

minutes, the stand-by units being kept plugged-up on tbe switchboarcl

and tbe ignition tubes kept hot. For tbe sake of eflBciency tbe macbines

are run as near to full load as possible ; but, as far as governing is

concerned, tbey can be run at any part of tbeir load. Tbe cost of fuel

(gas), per Board of Trade unit sold for tbe year ending 31 December

1895, worked out at 1 -dScZ. This, witb gas at 2s. 3d. per 1,000 cubic

feet, is equivalent to 53 '7 cubic feet per unit sold, or 46 "7 feet per

unit generated. Tbe total efficiency, or ratio of units used to

units generated, is 91 per cent. Tbis is equal to an average

consumption during tbe year of 34 • 8 cubic feet of gas per E.H.P.

hour. A curve for tbe cost of gas per unit of electricity, generated

and sold, tbrougbout tbe year is sbown in Plate 72, and it will be

noticed tbat it varies but little, whatever tbe output may be. The

cost of engine-room stores, including oil, waste, water, and ignition

tubes, amounts to 233r7. per unit sold, wbicb compares favourably

witb steam-driven stations. Ignition tubes form a heavy item of

tbe cost Good results are now being obtained with porcelain tubes,

which require only a short time to heat up. The cost of cooling

water works out at a low figure, and this is due to the use of a

tank of large capacity, which has special cooling arrangements.

In Plate 72 are shown curves for (a) number of 8 candle-power

lamps connected with the main, (b) maximum number of 8 candle-

power lamps alight at one time, and (c) Board of Trade units sold

per week. By comparing curves a and h it will be seen that the

number of lamps alight at one time has not been above 53 per cent,

of the lamps connected. Curve c shows the great difference between

the summer and winter output. June and December load curves are

shown in Fig. 21, Plate 73, the ordinates denoting amperes at 110

volts.

The cables and copper strip were laid and jointed by the

Corporation -workmen. Messrs. IM'Laughlin and Harvey of Belfast

contracted for the buildings ; and Messrs. Scott and Sillar of Aberdeen

and Messrs. William Coates and Son, Belfast, for tbe roadwork.

The cast-iron work was manufactured by Messrs. Maclaren and

Messrs. Shaw and Co. of Glasgow ; and the cables were supplied by
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Henley's Telegraph Works Co., Silvertown, and by the Callender

Bitumen, Telegraph and Waterproof Co., London. The copper strip

was supplied by Messrs. Curtis of Dublin, and by the British

Insulated Wire Co. Messrs. Dick Kerr, and Co. of Kilmarnock

and the Acme Gas Engine Co. of Glasgow supplied the engines

and dynamos. The compressed-air plant was made by Messrs.

Kerr, Stuart and Co. of Stoke-upon-Trent. The Electrical Power

Storage Co. furnished the battery, and Messrs. Holmes and Co. of

Newcastle the switchboard. The station started to supply current

on 23rd January 1895 with 2,300 lamps of 8 candle-power ; there

are now 13,500 lamps of 8 candle-power connected with the mains.

The following statement shows the quantity of units of electricity

sold by meter to private consumers, and otherwise accounted for,

and also the total quantity generated, from 23rd January 1895 to

31st December 1895 :—

Units.

Quanti*^y sold at id. per unit

„ at Id. per unit

used on works

lost in battery

accounted for

not accounted for .

574

. 82,197
82,771

10,126

. 3,822

, 6,304

. 92,897

2,229

Total Units generated 95,126

Total efficiency = 91*0 per cent.

Loss in batteries = 6 '7 „ „

Loss in mains = 2 • 3 „ „

100-0

The total maximum supply demanded was 159,000 watts, which is

equivalent to 5,300 lamps of 30 watts each.
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Discussion.

Mr. E. E. Dolby considered tlie electric lighting station in

Belfast was one of the most interesting stations to an electrical

engineer, seeing that there was so large a use of gas engines. From

the plan of the station, Fig. 2, Plate 63, it would be noticed that

each of the two high-sj)eed vertical engines occupied, he thought, only

about half the floor space of any one of the four larger horizontal

gas engines. Seeing that each of the four latter would give off

about 120 H.P. and each of the two vertical engines about 150 H.P.,

and that with the vertical engines there was thus about 300 H.P.

upon only about a quarter of the floor space occupied by 480 H.P.

vtith. the horizontal engines, it would be interesting to learn how

the cajjital cost of the two plans compared. In examining the

results of the tests, it would be cbsei-ved in Table 1 (page 324) that

the gas used per E.H.P. hour in the larger horizontal engine was

27 • 1 cubic feet, or 27 • 4 cubic feet including ignition ; and the

engine was then giving off its full load of 120 I.H.P. From

Table 2 (page 325) it appeared that the smaller horizontal engine,

when giving off only 57 '6 I.H.P., was using 29 '0 cubic feet

per E.H.P. hour, or 29*4 cubic feet including ignition. With

these results it would be interesting to compare those of the high-

speed vertical engines, as soon as the latter were ascertained.

One important point to which he thought attention should be

given was the composition of the gas consumed in the engines.

There was a considerable difference he believed between the gas in

Glasgow and that in Belfast. It must therefore be an important

matter in preparing for the employment of gas engines to know

exactly what quality of gas was about to be used; otherwise tests

made in the engine works with one kind of gas might appear to be

satisfactory, and then, when the same engines came to be tested in

the electric station with gas not of the same quality, results might

be obtained which did not come up to the desired standard. It

would be a valuable addition therefore to the paper if the analysis of

the gas were given. It would also be interesting to note the amount

of light which could be obtained from the gas by using it in ordinary



330 BELFAST ELECTRIC LIGHTING. JuLf 189G.

(Mr. E. R. Dolby.)

burners, and then how much more candle-power could be obtained

by using it in gas engines for producing electric light. If this

advantage were clearly shown to the consumers, it would be a great

incentive to the use of electric lighting instead of gas, apart

altogether from the question of damage done to decorations by gas

lighting.

Mr. Betax Donkin, Member of Council, enquired how many

indicators were employed for taking the indicator diagrams from the

two engines of which the tests were recorded in Tables 1 and 2

(pages 324-5) ; he presumed there were four, one at each end of

each cylinder. The figures in Tables 1 and 2, and the diagrams.

Figs. 30 and 31, Plate 78, showed clearly how the quantity of

gas diminished per E.H.P. hour as the power increased ; this was

a result which had been checked by many other experiments.

He asked also whether any trouble had been experienced with the

gas engines in regard to internal deposit ; and how often they

required to be cleaned. Instead of calculating the heating power of

the gas from an analysis, he thought it would be better if the

number of thermal units -per cubic foot could be given by means

of a gas calorimeter. What was the mechanical efficiency of these

gas engines, both double and single-cylinder ? that is, the difference

between the indicated horse-power when running at full load and

when running empty. And had any experiments been made,

altering the quantity of circulating water in the jackets? Small

centrifugal pumps were mentioned (page 314), which he supposed

could be driven at different speeds according to the quantity of

circulating water required for obtaining the maximum efficiency

from the gas engines.

The interesting experiments described in the paper he observed

were of only thirty minutes' duration, and two of only fifteen ; and

he enquired whether that was considered sufficient, or whether there

might have been any alteration in the results if the trials had

been considerably longer. The gas used as fuel, being supplied

from the city gasworks, would of course be the ordinary illuminating

gas ; and he should like to know how much the cost would bo
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reduced, if a cruder gas of poor illuminating j^ower were used,

such as Dowson gas. Ignition tubes being stated in page 322 to

form a heavy item of the cost, he asked whether electric ignition

had been tried.

Mr. Benjamin T. O'Brien asked what had been the rea'^on for

adopting gas engines instead of steam engines. It appeared to him

that gas was a much more expensive means of generating i)ower than

steam. The gas engines seemed to work efficiently, the best result,

of the tests in Tables 1 and 2 (pages 324-5) being nearly as low as

20 cubic feet per I.H.P. per hour, which he supposed was a good

economy for gas engines. Others of the tests showed a greater

consumption of gas ; and taking the price given in page 322 of

2s. 3d. per thousand cubic feet, the average cost would perhaps come

to about two-thirds of a penny per I.H.P. per hour. The steam engine

he thought would show far greater economy, with a consumption of

say 2 lbs. of coal per I.H.P. per hour, making the cost with coal at

10s. a ton about one-ninth of a penny per I.H.P. per horn*. Even

if gas engines worked well at first, they grew wasteful he believed

after working for a length of time.

Professor John Goodman considered the consumption of gas in

the tests in Tables 1 and 2 (pages 324-5) was far too high, ranging

as it did from 27 up to 107 cubic feet per E.H.P. per hour. At

the Yorkshire College, Leeds, a gas engine of about 60 I.H.P. was

working up to full power M'ith less than 20 cubic feet of gas

per E.H.P. per hour, and did not go above 36 cubic feet when

working down to about half power. Taking a week's run with

light loads and heavy loads, the consumption came out about

25 cubic feet of gas per E.H.P. per hour ; and at the price of gas in

Leeds the cost was about one halfpenny (0"51t?.) per E.H.P. per

hour, which was little more than half of the cost in the Belfast

station. Considering that the gas engine at the Yorkshire College

was a comparatively small one for private use only, he thought

the result in Leeds was remarkably good in comparison with that in

Belfast, and that there must be something radically wrong with the



332 BELFAST ELECTKIC LIGHTING. JfLY 1896.

(Professor John Goodman.)

Belfast engines to be using sucli a large amount of gas. Of course

the latter engines, when making two explosions per revolution, or

even only one, ran much more steadily for electric lighting than such

an engine as that in Leeds, which had only one explosion in every

two revolutions ; nevertheless, by means of a heavy fly-wheel both at

the engine and on the dynamo, almost perfectly steady running was

obtained, and in regard to steadiness of light the lighting was now

perfectly satisfactory, though it had not been so when first started.

The gas engine would not have been put in, but for the fact that the

college was cramped for room ; and a steam engine with large

boiler would also have entailed much higher capital cost.

The method of governing by graduating the gas supply he

believed had been carried out for at least ten years ; and it had been

found an important improvement to arrange a gradual diminution of

the gas, instead of missiDg explosions. The driving of the dynamo

by ropes from a gas engine he thought was rather objectionable.

As was well known, it was difficult to get the light sufficiently steady

when a dynamo was driven by a tight belt from a gas engine. If

however a slack belt were used, and a small fly-wheel were placed

on the dynamo, slip occurred at every explosion, and the usual flicker

was avoided. Thus a small amount of slip was highly desirable.

With rope driving it was well known that there was not so much slip

as there was with a belt. Hence he thought roj^e driving was not so

suitable as belts for electric lighting. Certainly the belt he was using

at Leeds was working remarkably well ; it had been running there

about three years, and had given no trouble whatever.

The starting arrangement at Belfast was certainly novel, and he

thought it was an exceedingly good plan. It was always a difficult

matter to start a big gas-engine. At Leeds there had not been much

trouble, owing to the use of a Tangye self-starter, by means of which

with the aid of two men the engine was generally able to be started

on the first attempt. The self-starter consisted simply of a pump,

by which the necessary supply of air and gas was pumped into the

cylinder to the required pressure ; it was then ignited, and in

nineteen cases out of twenty it started the engine at once, without

any trouble at all. [See also pages 312-4.]
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Mr. Henry McLaren, as a member of tlie Engineering Committee

of the Yorksliire College, had had a gcod deal to do with the gas

engine in use there, and could confirm the statement made by

Professor Goodman in regard to the economy of its working. One

point about which he should like to enquire in the j)resent instance

was the question of nuisance to neighbours. The j)osition of the

Belfast station, right in the centre of the city, led him to ask

whether complaints had not been made by the neighbours as to the

noise arising from the running of the gas engines. Being also

concerned with the manufacture of steam engines for central-station

electric lighting, he was well aware that there was great difficulty

in running even a steam-driven station in a city without giving rise

to trouble, and often to expensive law-suits. The cost of gas for

working, l'45f?. per unit sold (page 322), was certainly high; and

he should naturally expect an electric station in Belfast to run for a

third of that cost in coal consumption. The cost of stores was said

to compare favourably with steam-driven stations; but 0-233(^. per

unit he thought was hardly a favourable result. With steam

engines, such as were in use in Huddersfield and Oxford, the cost

of the stores, oil, waste, &c., he believed was only 0-05J. per

unit, which was a great reduction on Belfast. The question

already asked, why the gas engines had been adopted here, was

one that had occurred to himself also ; and he should like to

know whether in extending the station the use of gas engines would

be continued, or whether steam would be reverted to. No doubt gas

engines had made great strides, and could be well adapted for

certain situations. Though it might be suggested that by using

Dowson gas much better results would be obtained, yet he feared it

would be found that the trouble caused by using impure gas, owing

to the tar and residuals left in the engine and to the eating away of

the exhaust valves, would detract greatly from its cheapness, and

would result in a serious increase of expense.

Sir Edward H. Carbutt, Bart., Past-President, observing that

in the Belfast station the foundations had been put upon piles

planked over, with concrete placed on the top, asked whether any
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effect of the engines working had been felt in buildings some

distance away. Did the vibration caused by the engines communicate

itself through the water-bearing strata underneath to the houses of

the neighbourhood ? In the St. James's district in London, where a

large electric station had been placed in the midst of the clubs,

inconvenience had arisen because every now and then a vibration

was set up when all the engines happened to be working in one

direction. He enquired whether the same effect had been produced

in Belfast; and, if so, whether anything had been done to neutralise

the vibration.

Mr. John H. Greenhill thought the question why gas engines

had been adopted in Belfast (page 331) had probably been asked

from an economical point of view ; and when it was taken into

consideration that one of the ostensible reasons for the establishment

of a central electric station in Belfast had been to relieve the gas

works, this question became of double significance. Presumably the

engineer advising the Corporation must have had good reason for

recommending the adoption of gas engines ; Mr. McCowen having been

appointed subsequently was not responsible for the decision. It was

probable that an extension would take place, and that steam engines

would be adopted in future. With regard to the economy, or M^ant

of economy, of gas engines, and the statement that a certain amount

of gas was consumed per hour per electrical horse-power and also per

indicated horse-power, he thought it was highly desirable that the

consumption should likewise be given per brake horse-power, because

in the measurement of electrical horse-power a second element was

introduced by the dynamo, which might to a certain extent interfere

with the correct determination of the real efficiency of the gas engine

as a motor. If the brake horse-power were always measured, it

would be known at once exactly how much the engine was developing

outside itself. Not being a gas-engine maker, he had had occasion

to test a great many gas engines by different makers ; and he

considered the results obtained in the Belfast central station were not

favourable, namely 20 • 9 cubic feet of gas per indicated horse-power

per hour in such large engines. In his own experience engines of one-
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fourtli tlie size had done better ; with a small engine giving half the

brake horse-power of these the consumption had been even less than

18^ cubic feet of Belfast gas per brake horse-power per hour. By
the plan of gradually reducing the supply of gas by means of the

governor, instead of cutting it off altogether, he thought it was well

known that the gas consumption would be greatly increased. It was

perhaps a steady way of governing the engine to graduate the gas

consumption to a certain extent according to the power, but it was

not an economical way, because the proper mixture of gas and air

was not obtained ; it was more economical to cut off the supply oi

gas altogether, and miss explosions ; this he thought had been

found out long ago by various gas-engine makers. An electric

governor, as it was termed, had had to be abandoned because it

was not economical ; there was not a proper mixture of gas to give

an efficient result. A mistake he thought was committed by gas-

engine makers in depending too much on the candle-power of gas,

as it might be of a high illuminating power, and yet contain a

comparatively small number of thermal units.

Mr. J. Hartley Wicksteed, Vice-President, had had something

to do, like Mr. McLaren, with the large gas-engine of 60 I.H.P.

which had been erected at the Yorkshire College, Leeds, for the

purj)ose of driving a dynamo for the electric lighting of the college.

The first difficulty experienced with the engine was that it caused

the gas in the houses in the neighbourhood to jump up and down,

and sometimes to go out, owing to the large draughts of gas taken in

intermittently by the engine, which worked on the Otto cycle, having

one impulse in two revolutions. That was cured by means of

india-rubber gas-bags and other devices for storing the gas. The next

irouble was the noise and disturbance made by the sucking in of the air,

when the engine took its great mouthful for the explosion. It made all

the loose window sashes in the neighbourhood up and down the two

adjoining streets rattle a great deal ; every loose sash shook to and

fro with the suction of the air, and the residents were much

disturbed. That difficulty was overcome to a certain extent by

putting straw into the areas of the inlet windows through which the

2 L
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Qh: J. Hartley Wicksteed.)

air entered ; so that the air had to strain in through the straw, and

coTild not enter in large waves. There was also a great deal of

difficulty from the noise of the exhaust ; and numerous notices were

served ujDon the college by the neighbourhood to stop the nuisance,

which was abated by inserting a long cylinder, filled with pebbles,

to form a section of the exhaust pipe. Moreover the engine was

in the cellar of a building, part of which was devoted to chemical

laboratories, where often balances and other instruments were in

use; and it would not do in any way to shake the building. A
plan was adopted, which had been devised by Professor Goodman,

who had previously had some experience in London of a small

gas-engine placed in a workshop under a lithographers' workroom.

The lithographers could not do with any vibration or jar, and they

complained when the little gas-engine was started. The difficulty

had been overcome by putting in strong mats of cocoa-nut fibre,

like door mats, between the concrete foundation and the base of the

engine. That plan was accordingly adopted at the Yorkshire

College: there was a concrete foundation, upon which were laid

mats of cocoa-nut fibre ; a timber frame rested on the mats, above

the timber were three or four more thicknesses of mats, then an iron

plate, and upon this the engine. There were long holding-down bolts-

through the concrete, coming up through the base-plate of the engine.

By that plan, instead of shaking the building, the engine shook itself

only. The plan would have answered well, if the engine frame had

been properly designed for such a foundation : that is, if it had been

a plain base-plate, all flat on its underside, which would have lain

fair over the whole of the mats, and so would have distributed the

weight of the engine and the nipping pressure of the bolts over a

large surface ; and if the whole engine had been built on one base-

plate, self-contained, so that the back of the engine and the pedestals,

of the front would have floated about together. The base-plate

however had not been designed properly for such foundations ; it bad

only a narrow edge imderneath, bearing too severely on the edges of

the mats, and gradually wearing and compressing them ; and it was

built up of several stools, which worked loose at the joints and

allowed different parts of the engine to strain out of their strict



July 1896. BELFAST ELECTEIC LIGHTING. 337

relative positions : so that tlie engine did not answer well as a

machine. It answered well in respect of the economical use of gas,

but not as a machine ; and it gave a good deal of trouble. Having

visited last night the electric lighting station in Belfast, he had

seen that hardly any of the troubles he had mentioned were

experienced here, because the engines here took in gas four times

for two revolutions, instead of only once for two revolutions.

Therefore the flow of the gas through all the pipes, both the supj)ly

and the exhaust pipes, was more continuous and less impulsive.

As far as he could judge from what he had seen, he should be

inclined to say that, from a mechanical point of view, the Belfast

electric station was extremely good, and was a great step in

advance as compared with what had been done at the Yorkshire

College, Leeds.

Mr. C. Feewen Jenkin considered the results obtained by the mode

of governing the engines deserved attention. The diagram, Fig. 26,

Plate 76, certainly showed that the governing was admirably adapted

for keeping the speed constant. The diagram, Fig. 31, Plate 78,

showed the gas consumption in a remarkable manner. The bottom

line was almost level: that is, the total gas consumed per hour,

whether working with a load of nearly 120 or of a little below 24,

was almost constant. The governing had been described as being

effected by the throttling of the gas ; but it was clear from Fig. 31 that

almost as much gas was being used at no load as at over-load ; and

the governing he therefore considered must be due to the stratification

mentioned in the paper, and not to the throttling of the gas.

Moreover the stratification was described as enabling a poor mixture

of gas to be exploded ; but it seemed clear that the action was

exactly the opposite, because the mixture of gas was almost as rich

at no load as at high load. What the stratification did was to

prevent a good mixture of gas from burning properly : so that he

was almost led to suspect that the gas must be exhausted unburnt

through the exhaust pipe. He should be glad to know whether it

had ever been found that the gas was burning as it went up the

exhaust pipe : that was an accident which was known to happen

occasionally in the working of gas engines.

2 L 2
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Mr. T. HuERY PiicHES, Member of Council, enquired wliy so low

a voltage liad been adopted. Of course for short leads, distances

of only 200 or 300 yards, be could conceive that the low pressure

was an advantage, because in using tbe current for motors there was

less danc^er of injury to life and not much loss of current ; but it

seemed to him that in a station such as this in Belfast, where

considerable extensions might occur and long distances might be

necessary, there must be an objection to such a low pressure as only

220 volts.

Mr. McCowEX said that, although he could not give the exact

capital cost of the vertical and horizontal gas-engines (page 329),

the hi^h-speed vertical engines coupled direct to the dynamos were

somewhat cheaper than the horizontal engines driving through ropes.

Besides this there was a further considerable advantage in the smaller

floor-space occupied by the vertical direct-coupled engines; the

relative space was 3 • 6 square feet per kilo-watt for the rope-di-iving

sets, against 1 • 3 square foot per kilo-watt for the direct-coupled sets.

Pending tests of the high-speed vertical engines with the Belfast

sas (page 329), tests which he had carried out at the makers' works

in Glaso'ow had given a consumption at full load as low as 22 • 6

cubic feet of gas per E.H.P. per hour. [See also page 344.]

In regard to the relative amount of light obtained from a given

quantity of gas, by using it in ordinary gas burners, and by using it

in a gas engine to supply the power for producing electric light

/pa^e 329-30), he had found that one unit would supply 33i 30-watt

lamps of 8 candle-power for one hour, that is 266 candle-power for

one hour ; and taking the figure he had given (page 322) as the result

of the first year's working, namely 53*7 cubic feet of gas per unit

sold the light produced was 266 -f- 53-7 = 4*95 candle-power per

foot of f^as per hour. The same gas used in ordinary burners (2fo. 6

Bray special) gave from 2f to 3 candle-power per cubic foot of gas

per hour.

There had been no trouble from internal deposit in tbe gas

engines (page 330). Some of them after running about 1,500 hours

showed very little deposit indeed, and might have run double the
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time without any inconvenience. The exhaust valves required

facing up now and then. Two Crosby indicators were used in the

tests recorded in Tables 1 and 2, placed at each end of the cylinder.

The mechanical efficiency of the engines, or (I.H.P. at full load

— I.H.P. when running light) -i- I.H.P. at full load, was as follows :

—

Full load. Eunning liglit. Mechanical Eificie

No. 6 Tandem engine 120-5 I.H.P. 18-8I.H.P. 84 • 4 per cent.

No. 2 Single-cylinder 57-G „ 8-2 „ 85-7 „ „

The I.H.P. at full load was taken as that given in Tables 1 and 2

at the highest load in each case ; but it would be possible to get

more power out of the engines.

As to whether the duration of the tost was long enough

(page 330), observations were made every 2^ minutes ; and the

time was taken by a stop-watch, and was correct to less than a

second. Two men were indicating, a third was measuring the current

by means of a potentiometer, a, fourth reading voltage on a Kelvin

electrostatic instrument, and a iifth taking speeds and gas and

water readings; and as the load was kept nearly constant, he

thought the results arrived at were fairly reliable. The quantity

of circulating water was varied by means of cocks on the supply

to each engine. Electrical ignition (page 331) had not hitherto

been tried.

From the low gas consumption of only 20 cubic feet per electrical

horse-power per hour, obtained in tests on an engine at the

Yorkshire College, Leeds (page 331), it was evident that the gas

used had a high calorific value, and that the engine was efficient.

It had been mentioned however by Mr. Wicksteed (page 337) that

the engine " answered well in respect of the economical use of gas,

but not as a machine." Economy in gas consumption was highly

desirable ; but he considered that good mechanical running should

certainly come first in an electricity supply station. It would be

interesting to have particulars of the tests, giving the gas

consumption per electrical and per indicated horse-power per hour,

and the efficiencies at the different loads. Much better results than

those given in Table 1 had been obtained in the the trials conducted



340 BELFAST ELECTEIC LIGHTIXG. JuLY 189G.

(Mr. McCowen.)

at the makers' works in Kilmarnock : wliich was no doubt due to the

higher calorific value of Kilmarnock gas. The best result with

Belfast gas in Table 1 was 27*4 cubic feet -per E.H.P. per hour

at full load ; whereas in Kilmarnock the consumption at full load

came out at 23 • 6 cubic feet per E.H.P. per hour, and he believed

the engines were working more efficiently now than when they were

first erected.

In regard to getting steady running with heavy fly-wheels on

both engine and dynamo (page 332), and using a belt drive, that

was an easy matter, and was what would naturally be done, when

putting in a single set of machinery to supply electric lighting.

But when a number of sets of machinery were to be run in parallel,

it was a little different. Through the courtesy of Mr. Dashwood,

electrical engineer to the Belfast Exhibition of 1895, he had had

the opportunity of carrying out some interesting experiments on six

different makes of gas engines, all of 14 nominal horse-power, which

were employed for driving dynamos for lighting the Exhibition.

They were all placed side by side together with a steam engine, and

leads were brought from each dynamo to a main switchboard,

arrangements being made for running each set on a sei:)arate circuit,

or all in parallel. These engines he understood had all been

supjjlied for electric lighting. The method of governing in all was

by missing an explosion. The engines all ran steadily when on

their separate circuits. But when the dynamos were switched into

parallel upon a common omnibus bar supi)lying the total load, it was

impossible to tell Avhat any individual machine was doing, for the

load was so thrown about from one machine to another that the

ammeter needles were swinging over the whole scale of the

instruments ; and, but for the fact that there were no minimum

automatic cut-outs in the machine circuits, the probability was that

one or other of the machines would have cut out, leaving the others

overloaded.

The rope drives in the Belfast station were most satisfactory.

They had no slip, and he was glad to say they required none, to get

steady lighting. There was no more swing in the ropes than if

they were driven by a steam engine.
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In stating that tlie cost of stores compared favourably witli

steam-driven stations (page 333), lie had taken the published results

for last year for six steam-driven stations of about the same

output, and from the following figures he certainly thought the

Belfast result was favourable :

—

Sunderland,

Southport,

Bolton,

Belfast,

units sold 95,44G, cost of stores per unit 0-10 penny.

89,979 „ „ „ 0-21

94,914

82,771

0-23

0-23

Lancaster, „ „ 78,264 „ ,, „ 0'34

Newport, Mou., ,, ,, 91,557 „ „ ,, 0-45 ,,

Leicester, „ ,, 77,797 ,, ,, ,, 0-4G ,,

No complaints had been received as to vibration or noiso

(page 334) ; nor had any of the troubles been met with, which had

been experienced at the Yorkshire College, in respect of interference

with the gas supply to the neighbourhood, or of the rattling of loose

window sashes. The engines were simply bolted down to their

•concrete foundations, and the vibration was so slight as not to

affect the employment of mirror galvanometers in making electrical

measurements in the station. There had been complaint as to

deposit from the exhaust gases (page 336) ; but that had occurred

during the testing of an engine before the exhaust uptake was

completed ; immediately that the pipe was carried up to the proper

height, there were no more complaints.

The curve for total gas consumed per hour in Fig. 31, Plate 78,

might be a little misleading (page 337), on account of the small

scale to which it was plotted vertically. It was true that at low

load of about 24 per cent, the total gas amounted to as much as

74 per cent, of what it was at high load of about 118 per cent.,

as shown in tests 5 and 1 in Table 2 (page 325) ; but then the

same tests showed that the indicated horse-power at low load was

23-8 I.H.P., against 57-6 I.H.P. at high load, or 41 per cent. There

had been some back firing in the exhaust, before the adjustments

referred to in page 312-13 were made ; but this was done away

with after these adjustments had been made, whereby prompt and

regular ignition was obtained, as shown in Figs. 26 and 27, Plate 76.
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(Mr. McCoweu.)

With regard to the reason why a low pressure was employeci

(page 338), no doubt one of the reasons why a high-pressure

alternating system had not been adopted was that at the time there

were difficulties in getting satisfactory parallel running with

alternators driven by gas engines.

The President invited the Members to accord to Mr. McCowen a

hearty vote of thanks for his valuable paper, which had also elicited

a discussion that was both practical and useful.

Professor John Goodman, in response to the author's desire

(page 339), sent the particulars given in Table 6 of the experiments

on the two Premier gas engines at the Yorkshire College, Leeds.

To what had been said by Mr. Wicksteed (page 335) respecting

the trouble experienced with the larger of these tvvo engines, it

might be added that both of them had had to be j)laced in a small

room in the basement of the College, where the sjoace was so small

that there was only just room for the attendant to squeeze in

between the two, their outer fly-wheels being close to the walls.

The engines had at first been bolted down to the concrete

foundation ; but the noise and vibration from them were then so

serious that they had been lifted, and underneath them had been

placed closely-woven cocoa-nut mats about six inches thick. In

order to distribute the load, a piece of old boiler-plate was placed

between the engine bed and the mats. This practically cured the

noise and vibration inside the building. The noise of the exhaust,

as explained by Mr. TVicksteed, had been easily overcome by taking

out one length of the 6-inch exhaust pipe, and inserting a length

of 18-inch pipe filled with gravel and bafile plates. In consequence

of the windows having to be nearly closed up for preventing

nuisance to neighbours by the sucking in of the air, the engine

room got unpleasantly hot, sometimes over 150° Fahr. ; but efficient

ventilation was secured by coupling up the Meldrum and Loidis

blowers on the boilers near at hand, and cutting an airway through

to the other side of the building. After all these troubles had been

ended, a serious mishap had occurred to the larger engine : the nuts
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(Professor John Goodman.)

on tlie big end of the connecting-rod shook off, presumably through

their not having been properly locked by the attendant, who had

recently removed the brasses in order to let them together ; moreover

the requisite split-pins through the ends of the connecting-rod bolts

had unfortunately not been provided. The engine was completely

wrecked, the cylinder end forced out, the piston smashed, the bed

broken, and the connecting-rod bent. The crank-shaft was also

damaged, though at the time the injury was not considered serious
;

but about six months afterwards it broke off short in the neck close

to the crank web. In spite of all these troubles and difficulties, the

engine was now working excellently, the light was perfectly free

from flickering, and the total cost of the lighting was about one

penny per unit, exclusive of wages; no extra labour had to be

employed, because the engine was attended to by one mechanic and

a stoker, both of whom were previously employed to look after the

college boilers, &c.

Mr. McCowEN sent the results given in Tables 3 to 5 (pages

326-8) of tests of the high-si)eed vertical direct-coupled engines,

taken in 1896 at Glasgow and at Belfast. In Table 5 tests 1-6

were taken 'on 27th March, and tests 7-12 on 28th March; the

latter consisted of a six hours' continuous run at full load. In

Table 3 tests 1-5 were a five hours' continuous run at full load

;

tests 1-7 were taken on 29th May, and tests 8-13 on 30th May.

The calorific value of Glasgow gas, as determined by himself

with a Junker gas calorimeter on 30th October 1896, that is, on a

different date from the tests in Tables 3 and 5, was 750 British

thermal units per cubic foot, at 14*7 lbs, j)ressure per square inch

and 60^ Fahr. As calculated by Mr. Dugald Clerk from Professor

Percy F. Frankland's analysis of gases (1882-4) the calorific value

per cubic foot at the same pressure was 762 thermal units at 62*6°

and 810 at 32° Fahr.

Belfast gas, as also determined by himself with the same

calorimeter on 4th November 1896, simidtaneously with the tests

in Table 4 (page 327), had a calorific value of 570 British thermal

units per cubic foot at 14*7 lbs. pressure per square inch and

60° Fahr.
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UNUSUAL CORROSION OF MARINE MACHINERY.

Br Mk. hector MAGCOLL, of Belfast.

Corrosion in Marine Engines and Boilers is usually confined to

•well-known parts, is not rapid in its action, and may be prevented or

stopped by tbe adoption of suitable measui-es. In a recent instance

its action was so wide-spread, so rajjid, and so powerful, as to render

a short description of it somewhat interesting to engineers.

Steamer.—The steamer " Glenarm " is a steel vessel of the long

raised quarter-deck type, built in Belfast in 1890 for the Antrim

Iron Ore Co. ; and is engaged in their trade between Belfast and

ports on the north-east coasts of Scotland and England. She is

classed 100 A 1 in Lloyd's register, with a dead-weight capacity of

about 800 tons ; and her machinery consists of three-crank triple

engines with cylinders 17, 27, and 44 inches diameter by 30 inches

stroke, a three-furnace single-ended boiler of the usual type loaded

to a pressure of 165 lbs. per square inch, and a single-furnace

horizontal multitubular donkey-boiler. The shafting and other

forgings are all of iron ; the boilers are of steel, with iron tubes.

Submergence.—On Tuesday 24th December 1895 this steamer,

carrying a cargo of about 650 tons of " burnt ore " from Irvine to

the Tyne, struck on a rock in the Sound of Mull, and was at once

beached in Scallaster Bay, where the sea stood a little over her after-

deck at low water, and close up to her bridge deck at high water.

On the following Monday, 30th December, after having been

submerged six days, she was pumped out and raised. On the same

day steam was got up in the main boiler ; but when about 30 lbs.

pressure had been reached, the steam valve on the donkey pump blew
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out, and it was found that the copper at the bend of the donkey feed-

pipe next the main boiler had disaj)peared ; fires were therefore drawn,,

and the boiler blown off. On Friday, 3rd January 1896, all leaks

having been so far reduced as to be under control of the salvage

pumps, the vessel left in tow for Belfast where she arrived early on

Saturday morning, all the salvage operations having been successfully

conducted by Capt. Bachelor of the Liverpool Salvage Association.

Cause of Corrosion.—On examination the machinery was found

to present an extraordinary appearance : all wrought-iron work

was deeply and roughly corroded, and planed cast-iron work rendered

so soft as to be easily cut with a knife. These unusual effects

were undoubtedly caused by the cargo of " burnt ore " ; and the

following explanation has been contributed by Mr. S. Courtney,

chemist, of Messrs. Francis Eitchie and Sons, Belfast, who

investigated the subject at the request of Mr. Eobert Browne,

secretary and manager of the Antrim Iron Ore Co. " Burnt ore

is the residue from the manufacture of vitriol from sulphui"

pyrites, and is generally found to contain about 4 per cent, of

sulphate of copper, together with a little sulphate of iron, due to

the sulphur not having been completely burnt out of the ore and

becoming oxidized into sulphates. The sulphate of copper would

be more or less completely dissolved in sea water ; and as the latter

contains a considerable quantity of chloride of sodium or common

salt, this would re-act on the suliDhate of copper, forming sulphate

of sodium and chloride of copper. The sulphate of cojjper and

chloride of copper are both soluble in water ; and a solution of either,

or both, dissolves wrought-iron and cast-ii'on. The chloride is more

energetic in its action than the sulphate ; but in time a solution of

either, no matter how weak, will dissolve an atom of iron for eveiy

atom of copj)er present. Every himdred tons of cargo contained as

much sulphate of copper as would, if available, dissolve nearly

32 cwts. of metallic iron. The burnt ore might also contain a small

quantity of free sulphuric acid, which would combine with the soda

of common salt in the sea water, and set free hydrochloric acid ;

and the latter would rapidly act upon copper or brass."
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Extent of Corrosion.—On the condition of affairs being discovered,

tlie engines and boilers, as well as the hull, were at once opened

up for survey, the underwriters being represented by Mr. Henry

H. West of Liveri)ool, and the owners by Mr. James Maxton of

Belfast ; the entire work on the hull and machinery was afterwards

carried out under the direction of the latter. The general condition

of the engines was that wi-ought-iron work had been penetrated

by corrosion to a depth of about 3-32nds inch, and planed cast-

ii'on so softened that l-8th inch had to be taken off before a hard

surface was regained. Surfaces in bearing contact, or with oil

between them, and all painted surfaces, were completely preserved.

The detailed condition of the various parts, and the measures taken

to restore them, were as follows.

Cylinders.—These had partially filled through the hot-well, and

from the drain cocks being open. The lower part of the intermediate

cylinder was softened for 12 inches up, and was re-bored ^ inch

larger in diameter, and the piston altered to suit. The piston-

valves and liners in the high-pressure and intermediate cylinders

were softened at their lower ends ; the liners were re-bored, and the

valves fitted with new rings. The lower edges of the low-pressure

slide-valve and face were also softened ; the valve was planed, and

the lower bar of the face chipped off and replaced by a brass strip

j)inned on. In all other respects they were sound and good.

Piston-Bods and Conneding-Bods were turned all over, reduced

S-16ths inch in diameter, and the former fitted with new neck and

gland bushes.

Guides had l-8th inch planed off them before a hard surface was

reached ; and the guide shoes were lined up to suit.

Valve Gear is of the Hackworth type. The valve-spindles and

various rods were turned all over, to remove the deep pitting ; the

angle blocks had their planed surfaces reduced l-8th inch, and the

various parts lined up to suit.

Shafting.—The crank webs were deeply corroded ; but as there

was ample strength, they were filled with " hard stopping " and

painted. The shaft journals and crank pins were pitted longitudinally
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in the exposed spaces between the wliite-metal strips, and were

also pitted transversely at the clearance spaces nest the crank

webs ; these were cleaned out, filed up, and the bearings adjusted.

The thrust shaft was much corroded at the exposed parts of the

collars and journal ; it was turned all over, and the horse-shoes

and bearing were re-filled with white metal. The intermediate

length of timnel shafting was much corroded at the exposed part of

the journal ; and as it was also reduced by wear, a new journal was

turned further forward, and the bearing shifted to suit. The

propeller and propeller-shaft were found in good order.

Auxiliaries.—The centrifugal pumping engine was considerably

wasted in the rods, guide, &c. ; and was treated like the main

engines. The duplex pumping engine and donkey-boiler pump were

so seriously corroded as to be useless, and they were replaced by

new. The brass steam-valve and one pet-cock of the duplex

pumping engine were curiously wasted into holes ; and the check

valve and seat on the main boiler had the appearance of some

substance, probably zinc, having been sucked out of them.

Pipes.—From the appearance of the donkey copper feed-pipe it

was feared that all the copper pipes were seriously affected. A
similar bend in the main feed-pipe was therefore sawn through, but

was found to have suffered no deterioration. All the pressure pipes

however were taken down, tested, and annealed ; no defects were

detected, and they were all re-placed. But in putting together the

various steam and vacuum gauges the small connecting pipes were

found in several places to be curiously wasted below the coupling

nut.

Small Details.—It is unnecessary to enumerate the bolts, nuts,

cock handles, spanners, and such small details, which were wasted

into mere shadows of their former selves, and had to be renewed.

Boilers.—The safety-valves of the main boiler having been

eased when the vessel was beached, the boiler had filled with

water; and the condition of both boilers looked serious. The

front end plate of the main boiler was considerably wasted : the

furnaces, which are of the spiral corrugated type, had corrosive

scores running in the direction of the corrugations ; and the tubes
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were covered with a deposit of what appeared to be pure metallic

copper. In the end however, after careful drilling and gauging, it

was found that an unexhausted margin remained in all except the

tubes. These were all found to be seriously corroded in both

boilers, and every tube was therefore cut out and renewed; after

which the boilers were satisfactorily tested.

Steam Trial.—Although the utmost vigilance and care had been

exercised in examining as far as possible every point and detail,

latent defects might have existed ; and it was not with complete

confidence that steam was again raised and the machinery tried.

Neither then however, nor in the months of continuous service which

have since elapsed, has the slightest defect been perceived ; and the

machinery is now, thanks to its thorough overhaul, working with

the efficiency and economy which it possessed when new.

Conclusions.—The lessons to be learnt from this experience are

probably obvious enough. Some of them are for the shipowner

rather than the engineer, and therefore need hardly be referred to

here ; but it may be well to emphasize two of the others.

First, the advantage of having, in marine engines and boilers,

a small margin over the actual requirements for strength. In the

various rods, shafts, and similar parts, such a diameter as would

allow them to be skimmed up ; in the cylinders, valves, &c., such

thickness as would allow them to be bored or planed afresh ; and

in the furnaces, combustion chambers, and stays, a slight excess of

thickness over that required by the rules.

Second, the advantage of good paint. Many engineers prefer

polish to paint ; but in this instance the latter truly cost little, and

was worth much.
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Discussion.

Mr, MacColl exliibited a collection of specimens of the corroded

parts wliich had had to be replaced new in restoring the steamer for

service. They included the brass steam-valve and pet-cock of the

duplex pumping engine, and its check-valve and seat on the main

boiler ; donkey cojii^er feed-pipe
;

gauge connecting-jnpes ; bolts,

nuts, cock handles, spanner, fire-rake, oil drainer ; iron boiler-tube,

iind dej)osit of metallic copper collected therefrom ; and a drag link

for valve gear. Ciuiously enough, he pointed out, some pieces of

iron had been left untouched by the corrosion, owing he presumed to

some peculiarity in the structure of the metal. Another curious

thing was met with in the connecting-rods ; a brass tube for

lubricating the crank-pin ran down all along the inner side of each

rod, and was clamped upon it with brass clips ; and down the whole

line of the tube the original polished metal stood up from the

adjoining corroded surface of the rod, and was perfectly clean and

still polished, both under the clips which clamped the tube to the rod

and also along the whole line of the tube itself.

Since the present paper had been -m-itten, he had read in the .

Institution Proceedings (1878, page 116) the account of the raising

of the wreck Edith in Holyhead harbour ; and after she had been

submerged two years and a quarter it had been found that the engines

were very little the worse ; the piston-rods were turned up, and that

was the main repairing that had to be done ; the other parts were

•only just cleaned up (pages 135-6). From the samples now

exhibited would be seen the contrast presented by the corrosion that

had occurred in six days in the instance described in the paper. He
had also been told of a steamer which had been under water in the

Gulf of Mexico for more than three years, and after she had been

raised her machinery had been cleaned, and she had gone away

without its requiring repair.

Mr. Henry H. "West had noticed a peculiarity of the corrosion in

the boiler, in which, as stated in the paper (page 348), the furnaces

were of spiral corrugated make, and had corrosive scores running in
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the direction of the corrugations. It was remarkable that the

convex side of the corrugations, whether that was inside in the

furnace or outside in the water space of the boiler, was the most

severely pitted. In the same way the flanged front and back end-

plates were most corroded on the convex side of the flange. This

showed apparently that the steel sufiered most where its textui-e had

been most opened in the course of the manufactui-e of the furnaces

and plates, thereby seemingly exposing the grain of the metal more

freely to the corrosive action. The upper side of the iron tubes

was badly pitted, while their under side remained apparently just as

it had been previous to the accident. This he believed was due to

the deposit of copper on the upper side of the tubes ; there was

apparently a considerable quantity of copper in solution in the

boiler, which was found deposited in moss-like spikes all over the

upper half of the circumference of each tube. This large quantity

of copper he considered must have come from the cargo. He was

himself much interested in the whole of the occurrence, because he

had examined the vessel on behalf of the insurers ; and in the course

of their negociations it had been arranged to settle with the owners

by payment of a lump sura, instead of running the risks of

imdertaking a complete repair. From the information given in the

paper as to what had been actually done in the way of repairs, he

was now of opinion that the settlement had been a good bargain for

the owners. From his own point of view also he thought it had

proved advantageous for the underwriters ; for had they been

obliged to repair the ship and carry out her complete reinstatement,,

he was certain it would not have been done for the sum

eventually settled upon. In that case he had no doubt all the

repairs so ingeniously carried out by the author would have been

looked upon in a somewhat different light : instead of the piston-rods

and connecting-rods being accepted after having been skimmed over,

they would have been required to be replaced by new ; and new

cylinders, new crank-shaft, and new thrust-shaft would have been

insisted upon. Another circumstance which had confirmed^ him in

his opinion that in such occurrences it was sometimes a wise course

to settle for a lump sum, was that in this instance it so happened

2 M
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(Mr. Henry H. West.)

that the settlement was arrived at before the engines had been

comjiletely oi^ened out. At the time the settlement was made, there

was no knowledge that there would be anything to do inside the

cylinders ; and imtil reading the j)aj)er he had not known that they

had even had to be bored out. From experiences of this kind, it

was natural to come to the conclusion that it might sometimes be

wise to try to effect a compromise before knowing all the facts.

With regard to the cause of corrosion, he thought the paj^er had

told practically what the origin of the mischief had been. In his

own experience a large number of shijjs had sunk from time to

time, in regard to which he had acted sometimes for the owners and

sometimes for the underwriters, and had thus had occasion to

investigate the circumstances from both sides. In the majority of

cases he had found that there was but little to do in the way of repairs

to machinery when a ship had simj)ly sunk ; it was when she had

stranded that there was generally a great deal to do. "When she

had simi^ly sunk, cleaning up the tarnished surfaces of the machinery

and getting steam up seemed to be about all that had to be done.

The author had mentioned (page 350) two instances in which vessels

had been submerged, one for 2^ and the other for 3 years, and there

had been little or nothing to do to the machinery after raising. In

the present instance there had been submersion for only six days, with

the most serious waste and corrosion. This he thought pointed to

the fact indicated in the paper, that the cargo had a great deal to

do with it ; and also to the necessity for underwriters to take into

consideration not simj)ly the construction of the ship herself, but

likewise the employment in which she was engaged.

The President asked which metal showed the most corrosion in

the instance described in the paper.

Mr. West rejilied that the wrought-iron and steel showed the

most. The cast-iron suffered on the surface wherever exposed ; and

it was remarkable to notice how along the arris of a casting, where

the paint had natui-ally got scrubbed off, the corrosion had run in

right along the edge, while on each side of the edge the metal was
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Ijrotected by the j)aint ; there was thus a sort of groove all along the

edge, and the two surfaces on each side of it were maintained

perfectly free from corrosion.

Mr. Henry Davey, Member of Council, said it was interesting

to know that what had taken place during the corrosion of the

machinery described in the paper was actually a commercial operation

in dijQferent j)arts of the world. In several parts of Cornwall the

water pumped from the mines contained in solution sulphate of

copper. It was stated in the paper that a solution of sulphate of

copper would dissolve an atom of iron for every atom of copper

present. Copper was recovered from the mine water by means of

scrap-iron, which was simply put into a long trough, and the water

was allowed to run over it ; the result was that the sulphuric acid in

the sulphate combined with the iron, forming yellow ochre, which

flowed away in the water, while the metallic copper was deposited in

the place of the iron that had been dissolved. To render the

<oj)eration continuous, it was necessary to devise some means which

would remove the metallic copper as fast as it was deposited on the

surface of the iron, in order that the latter might be exposed afresh for

the further action to take place ; and here he thought would be found

the explanation of some of the caprices which appeared in the local

corrosion that had taken place in the machinery described in the

paper. Where the water was agitated and the metallic copper was

washed off so as to expose a fresh surface of iron, there the corrosion

would go on continuously, as long as the agitation continued to wash

off the deposited copper. This was exactly the j)rincii)le which was

adopted in recovering copper from the peculiar water pimiped in

metalliferous mining operations. The water was not allowed to flow

gently over the surface of the iron, but was made to fall from a little

height, just sufficient for the impact of the water on the surface of

the iron to wash off the particles of copper as fast as they were

deposited. Thereby the operation was rendered continuous. The

great local corrosion which had taken place in the machinery he had

no doubt showed where the water had been agitated by the motion

of the sea ; while in places where the water had been kept free from

2 M 2
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(Mr. Henry Davey.)

agitation, the deposit of copper on the sui-face of the iron would

prevent any further corrosion. The -whole occurrence described in

the paper Tvas so exceedingly exceptional, that he could hardly

concur in the desirability of putting a sufficient exti-a thickness of

metal in all parts of marine engines, thereby increasing their weight

and the expense of working the ship, in order to provide against an

extraordinary contingency, of which the present was probably the only

example kno^^*n.

!]Mr. MacColl said the small margin or extra size, the advantags

of which he had emphasized at the conclusion of the paper, was no

more than that which every engineer carried out in his own work.

Every cylinder had to be bored some time or other, if it worked long

enough ; every valve had to be faced up ; rods had to be skimmed

up
;
piston-rods in particular had sometimes to be skimmed up at the-

end of a couple of years, apart from any such accident; their

duration depended mainly upon the kind of packing used. The-

occurrence described in the paper furnished a good illustration,,

he considered, for showing the necessity of providing for such wear

and tear.

The Peesidext had great pleasure in presenting the thanks of

the Members to Mr. MacColl for his interesting description.
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NOTES ON THE INTRODUCTION AND DEVELOPMENT

OF EOPE DEIVING.

By Ml!. ABEAM COMBE, Falls Focxdry, Belfast.

Introduction of Rope Driving.— So much lias been said and

T/ritten on the advantages and application of Eope Driving, and so

anany data and formulae have been published from time to time, that

it is hardly necessary to add to the information already available in

•these respects ; but as rope driving emanated from Belfast, and has

now grown to such large proportions in the industrial transmission of

mechanical power, a short history of its origin, introduction, and

development, may prove of interest on the present occasion. Its

introduction is due to the late Mr. James Combe, who in 1856

applied an expanding pulley with V shaped sides to the differential

motion of flax and tow roving frames, as shown in Plate 80.

The expanding pulley was driven by a round leather rope from a

driving pulley grooved with a V shaped groove. In the course of

his experiments in perfecting this motion, he was struck by the

large amount of power obtained from round ropes working in V shaped

grooves ; and this led him to try their application to the transmission

•of larger powers. With a view of arriving at the most effective

•angle for the grooves, a series of experiments were made in the Falls

Foundry works in the following manner. A pulley, fixed from

revolving, was made with a number of grooves, each having its sides

sloping at a slightly different angle from the others ; ropes were then

laid over these grooves with weights hanging from them at one end

and counterbalance weights at the other ; and the effect produced on the

biting power of the rope in the groove by increasing and diminishing

the weights and the counterbalance weights was carefully noted.

The object was to determine in a practical manner the most suitable
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angle of groove for a driving rope, so that the rope should neither

slip nor yet bite too much into the groove ; and the angle chosen

after the above simple experiments, namely 45°, was adopted in the

first pulleys set to work, and is at present generally used for rope

driving under ordinary conditions.

After several years' use of grooved pulleys and ropes for driving

from the main shaft of one of the workshops at the Falls Foundry

to that of another, the advantages of rope driving under certain

conditions were foimd to be so great that, on the occasion of

replacing one of the main engines in the beginning of 1863, rope

driving was adoi^ted for transmitting the entire power of the engine,

amounting to over 200 horse-power, from the second motion shaft

to the principal shaft. This is the first instance of rope driving

being used for a main drive of such importance, and the original

pulleys are still in existence and working daily, as shown in

Plate SI.

Material of Hopes.—About that date round ropes made of leather

strips were generally used. These however were found to have the

objection that they were liable to untwist, and the ends of the leather

strijis were apt to fly out during the working and cause trouble.

Moreover the strips of leather being cut out of the hide in a spiral

were less strong where cut from the smaller diameters, and were

liable to break at those parts. Manila ropes were then tried with

good results, and leather ropes gradually gave place to ropes made

from manila.

Melative Diameters of Mopes and Pulleys.—It was early recogm'zed

by the late Mr. James Combe that it is necessary to proportion

properly the diameter of the ropes to the diameter of the pulleys on

which they work ; and he adopted the following minimum diameters

of pulleys for the various sizes of ropes :

—

1J inch diameter rope, 3 feet diameter pulley ; ratio 1 to 28 • 8

U „ „ „ 4 „ „ „ „ 1 to 32-0

Ij „ ,, „ 5 ., „ „ „ 1 to 34*3

2 „ „ „ G „ „ „ „ 1 to 36'
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Experience lias shown that the results have not been so satisfactory

when ropes of the above sizes have been used on pulleys smaller

than the above minimum diameters.

Power transmitted.—When working under ordinary conditions

the following simjue bases were taken from which to calculate the

power that each of the foregoing sizes of rope would transmit for

each 100 revolutions per minute made by the pulley upon which it is

working :

—

Eope 1^ inch diameter on a 3 ft. pulley would transmit 5 I.H.P.

IJL 4 8

1^ '^ 11
)J '4 JJ 3J 55 " 55 J5 35 -^ -^ 53

33 ^
33 33 35 " 33 35 53

^'^ 53

and for other sizes of pulleys the power transmitted is calculated to

be increased in direct proportion to the diameters of the pulleys.

When working under the most advantageous conditions—for instance,

where the ropes are running horizontally at good speeds, with the

pulleys at a proper distance apart, and with the bottom rope acting

as the driver—the above bases may be increased by 20 to 25 per

cent, with safety. On the other hand, when the ropes are working

under unfavourable conditions, with centres of pulleys too close

together or ropes running vertically, these bases must be diminished

by 20 to 25 per cent. The exact amount of increase or decrease

on these standard bases has to be determined in each individual

instance, according to the circumstances under which the ropes are

working.

Speed of Ropes.—The speed originally adopted as being the

most advantageous was about 3,300 feet per minute. This speed

has since been far exceeded in many instances ; but it is a question

whether advantages have been reaped proportionate to the power

gained by the increased speeds. On the contrary the gain of power

by increased speed is largely counteracted by loss of power from

atmospheric friction and from centrifugal action ; and when this

loES is taken into account, along with the increased wear and tear on
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the ropes and bearings, the speed originally adopted, and speeds

within certain limits of it, have been found to give the best results.

Extended form of Hope Driving.—The new method of driving

soon became knowTi to several English and Scotch engineers, who

joined in its further introduction and development. An extended form

of main rope driving from the second motion shaft to the various

lines of shafts in a flax mill is shown in Fig. 15, Plate 87. This di'ive

was started in Julj 18G4 in the Hilden Mills of Messrs. William

Barboui- and Sons, Lisbui-n, and is transmitting 600 I.H.P. Plate 82

represents one of the earliest examples of rope driving from the

flj-wheel of the engine itself. This drive, erected in 1873 at Owen
O'Cork Mills, Belfast, was designed by Messrs. Combe and Barbour,

by whom also the jiuUeys were made, the fly-wheel being supplied to

their instructions by Messrs. Hick, Hargreaves and Co.

Cotton Hopes.—Later on in certain districts, especially those in

which the cotton industry prevailed, cotton ropes began to be used.

These have the advantage of being rather more pliable than manila

ropes, especially when the latter are new. The relative merits of

ropes made of manila and those made of cotton have frequently been

discussed ; but exj)erience has shown that, if the pulleys are properly

designed and apjilied, and if the ropes are the proper diameter,

good results are obtained, whether the ropes are made of manila or

of cotton.

Shafts not j^arallel.—One of the great benefits that were found in

rope driving at a comparatively early stage was that ropes could

be applied with advantage to transmit power between shafts that

were not parallel. In 1875 the drive shown in Fig. 7, Plate 83,

was put up in the works of Messrs. Combe and Barbour to

drive 100 I.H.P. from one shaft to another which was not quite

parallel with it. Here the angle between the shafts is about 8°,

and the ropes were applied without making any alteration in the

form of the grooves. When however it is desired to emj)loy ropes

for driving shafts at a greater angle, the grooves in the pulleys are
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altered to tlie section shown half full size in Fig. 8, which was

introduced about 1875, so as to allow the ropes to enter and leave

the grooves without greater friction on their sides than when the

fibafts are parallel.

Endless Iiojje for Close Shafts.—In 1878 grooved pulleys and

rope driving were introduced to replace pairs of large geared wheels,

which from one caiise or another were giving trouble ; for example,

in places where they were used to combine the i)ower from a steam

engine with that from a water wheel, or to combine the power from

two engines working under slightly different circumstances. Here

the centres of the wheels were so close together that ropes, if applied

separately in the ordinary way, would have been too short for effective

driving, and there would have been difficulty in putting equal

tension upon each of the several ropes. Consequently, in order to

secure a proper length of rope and equal tension, a single

continuous rope was used, as shown in Plate 84, which was

laced round and round the pair of j)ulleys, passing from the first

groove of the driving pulley to the first of the driven, thence back

to the second groove of the driving pulley and on again to the second

of the driven, and so on ; and a tension pulley was added for leading

the rope back from the last groove into the first.

J2ojpe Fly-iolieels.—The continued rapid extension of rope driving,

and more especially of driving direct from the fly-wheel of the

engine to the various shafts, led to designing fly-wheels to suit the

high speeds. In Plate 85 is shown a rope fly-wheel designed by

Mr. James Barbour in 1879 to meet the special requirements. The

peculiar advantage of this method of constructing fly-wheels is that,

instead of depending solely on a cast-iron arm for connecting each

segment to the nave, a strong wrought-iron bolt B is used, Fig. 13,

Plate 86, which passes down through the middle of the tubular

cast-iron arm, and connects each segment directly with the nave
;

consequently this bolt not only receives the tensile strain caused

by centrifugal force while the wheel is in motion, but it also

withstands the driving home of the cotters when the wheel is
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being put together. When cast-iron alone is used for the arms,

the driving home of cotters is a frequent source of breakage,

which may not be detected until the fly-wheel gives way ; whereas-

by driving the cotters into a long malleable-iron bolt there is less-

danger of fracture. The starting worm or barring engine E, shown

in Fig. 14, Plate 87, is made ^dth three pauls for barring round,

in order that the motion may be continuous, instead of intermittent

as it is when only one or two pauls are used.

Crossed Hopes.— It was about the same date that driving by

crossed and half-crossed ropes was introduced ; also that rope

driving was applied to shafts working at right angles to each other,

round corners, &c. In Plates 88 to 90 are shown some examj^les of

this kind, and of the special forms of groove used.

In Fig. 16, Plate 88, is represented the crossed rope drive; and

in Fig. 17 the method of putting the ropes on, so that they cross

alternately right-handed and left-handed. Thus the driving side of

the first rope comes next the driving side of the second where they

cross ; and even if they touch here, they are running in the same

direction and at the same speed, and therefore do not rub against

each other. Similarly the trailing side of the second rope is adjacent

to the trailing side of the third, and the driving side of the third

comes next the driving side of the fourth. Hence each rope, though

of necessity rubbing on itself, does not rub against its neighbours.

The grooves, shown half full size in the section. Fig. 18, are

constructed so that their pitch is greater than twice the diameter

of the rope, as a further means of preventing the ropes from rubbing

against their neighbours.

In Fig. 19, Plate 89, is represented an arrangement of half-cross

ropes, and in Fig. 20 the shape of groove used for enabling the ropes

to enter and leave the pulleys -without rubbing too much in the

grooves.

In Fig. 21. Plate 90, is shown an arrangement for driving shafts

at right angles to each other, by means of a pair of horizontal guide

pulleys, each having a single wide groove of the section shown one-

third full size in Fig. 22.
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Endless Rope ic'itli Loose Guide-Pulleys.—In 1889 the arrangement

of rope driving shown in Plate 91 was introduced by Mr. James

Barbour. Here the driving and the driven shafts were neai'

together, and there was not sufficient space to apply the tension

pulley previously described and shown in Plate 81. A single

continuous rope was therefore laced round the grooves of the pulleys^

and for the purpose of leading the rope back from the last groove of

the one pulley into the first groove of the other an additional single-

grooved pulley was mounted loose on each shaft ; these two loose

pulleys were made larger in diameter than the fixed pulleys, and

the rope was led from one to the other over the top of the ropes-

working in the grooves of the fixed pulleys. A large number of

drives have been erected in this way, and all are working

satisfactorily.

Endless Hope driving several Pulleys.—About the same date also

a drive was erected, in which a single' continuous rope was used for

driving from one common pulley several shafts running at diff"erent

speeds. In Plate 92 is shown an example of one of these drives, in

which a tension pulley is used to bring the rope back from the last

groove into the first, and at the same time to take up the slack of the

rope.

In 1890 Ur. Barbour further developed the use of the single

continuous rope, by applying it to the half-cross drive, as shown in

Plate 93, in which is seen the peculiar method of lacing, whereby,,

instead of a separate rope to each groove, a single endless rope is

passed round the several grooves in succession, and back from the

last groove to the first, without the intervention of a guide or tension

pulley.

Suhstitution of JRope Driving for Geared Wheels, and relative

amount of Power absorbed.—In many instances existing gearing and

upright shafts have been thrown out and rej)laced by rope driving
;

and where the rope driving has been properly designed and erected,

the total power required for the rope driving has in none of the

installations which have come under the writer's observation exceeded
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"tliat wliicli was required when driving by wheel gearing ; and in

many cases the power required to drive the same amount of work by

a'opes has been less than it was before the change in method of

•driving took place.

The above examples of the transmission of mechanical power

fcy ropes serve to illustrate the development of this method of

driving. Numerous variations have of course been mado ujion each

of these j^lans, which have largely extended the field for the

.application of rope driving : so that this method of driving, which

arose from such a small origin, is now widely adopted for industrial

purposes. There is also no doubt that other developments will

•take place in the future, which will further extend its sphere of

usefulness.

Discussion.

Mr. Jeremiah Head, Past-President, said that during the last few

weeks he had had occasion, through the instrumentality of the

President, to act as arbitrator in a case in which a large number of

• cotton ropes used for driving dynamos had been rejected on the

groiind that they did not wear well. Having occupied that position

for four days, listening to the arguments of counsel and to about a

dozen witnesses on both sides, his own mouth being necessarily

'dosed during the proceedings, he naturally felt he had now

something to say in connection with a few of the points interesting

to mechanical engineers, which had arisen during the arbitration.

From the paper it would be seen that Mr. James Combe had from

ithe first laid stress on the diameter of the sheaves round which the

ropes were to work. For a Ij-inch rope he had stated that the

pulley should not be less that 3 feet diameter, and for a l^inch rope

not less than 4 feet. In the instance uj)on which he had just had to

Arbitrate, the ropes were 1| inch diameter, half way between the two

-eizes here given ; therefore the emaller sheave ought not to be less
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Ihan 3 ft. 6 ins. diameter ; but as it happened it was only 2 ft. 4 ins.

diameter. This he had found to he one of the chief reasons why the-

ropes had not worn well : in fact they had failed in a comparatively

short space of time, owing mainly to the driven sheave being so

small in diameter. Another reason why there had been trouble with

the ropes was due to a matter which had not been referred to in the

paper, namely bad splicing. In order to wear well, the ropes should

be spliced in such a way that the length of the sjDlice should be from

9 to 12 feet. The ropes which he had had to examine had been

spliced in the first instance by a sailor or rigger, who had not been

accustomed to that particular work, and had used much shorter

sj)lices, like nautical splices ; and the result had been that the splices-

were continually pulling out, which had given a great deal of trouble.

It was a surprise to himself to learn that rope driving dated as

far back as 1856—forty years ago. Certainly he had not heard of it

in England till a much later period.

In Fig. 9, Plate 84, and others of the drawings, examples wero

shown of endless or continuous ropes ; there was a single ropey

which was laced continuously from beginning to end over all the

grooves, and had only one splice in it. This he considered was au

exceedingly ingenious arrangement, and was no doubt applicable to

certain circumstances where multiple ropes would not be aj)plicable.

Still he thought that one of the great features of the plan of rope

di-iving was the independence of the several ropes, each rope taking-

only a certain portion of the power to be transmitted : so that there-

was a continuity of working, which could not be had with a sinole

strap. As soon as any individual rope was observed to be wearin f>'

or stretching unduly, it could be taken off, and the rest ouwht to be
sufficient to carry on the work until the defective roj^e was repaired or

another put on. Another great advantage of rope driving was that the

ropes were worked slack. In that way it was evident that, while they

transmitted the power, they did not try to pull closer together the-

driving and the driven shaft ; therefore there was no undue friction

wear, and loss of power, such as arose from increased pressure on the

journals for tightening a belt. Another advantage was the sub-

division of the power transmitted from the driving sheave to different
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parts of a mill or other works, as sllo^vIl in Plates 82 and 92, and in

Fig. 15, Plate 87. Then again there was no undue vibration or

clatter, as there was in the old method where mills were driven by

upright shafts and gearing ; everything was quiet, which of course

meant safety for the foundations and greater durability of the

driving pulleys, ropes, and machinery.

The actual speed at which the rope was running, as far as he

could see, had in itself really nothing to do with the wear. The

rope itself was not conscious of the speed at which it was running,

because its speed was the same as that of the circumfei'ence of the

driving and the di'iven sheave ; but the number of bends which it

made per minute was an element of wear. If the rope was properly

loaded, and was made of such material and in such a way that in its

bending the fibres were not strained beyond their elastic limit, and

sprang back completely after each bending, then he thought that the

speed did not matter at all. The pitch or lay of the roj)e had a good

deal to do with its dui*ability, as had also the way in which it was

made. If the lay was too close, the pitch was too short ; and then

of course the fibres were too tight, and tended to break away, or

fray, as they passed over the sheaves, with the result that they would

split out and form what were called " butterflies " on the rope. These

were usually kept down by plasteringithe rope over with a composition,

by which the fraying jiortions were hidden in the smaller part of the

rope between the strands. That was only just hiding the mischief,

and did not prevent the rope from gradually breaking more, and so

wearing out.

The material of which the ropes were made, had also been

alluded to ; and he had not been aware previously that they were

made in Ireland of manila. In England they were made of cotton
;

and the best cotton for the piu'pose he believed was what was

called " best Egyptian." Ths great desideratum was that the fibres

should be long, that they should be equal in diameter, and that

they should be elastic, not hard and brittle.

In the half-cross drives, shown in Figs. 19 and 26, Plates 89

and 93, where the driven-; shaft was at right angles to the driving

shaft, it would be seen that the driven pulley was arranged exactly
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in the same plane as the axis of the di-iving pulley. Instead of this

he should have thought it would have been better to shift the driven

pulley along its shaft into such a position that the pull upon the

span of the rope which was in tension should come exactly opposite

its groove in the driven pulley, and that the slack or trailing span

should be delivered on to the pulley at an angle. It seemed to him

that, where the pull was, it should come perfectly straight upon

each pulley.

Mr. A. Tannett Walker, Member of Council, was much

interested in the name of the firm by whom rope driving had been

introduced, because his father, the late Mr. Benjamin Walker,

had been employed by Messrs. Combe, Barboui-, and Combe

in an imj)ortant position exactly fifty years ago ; and he was

glad it had been recorded by a member of the firm that in 1856,

ten years after his father had left them, they had introduced

rope driving ; the credit was certainly due to the late Mr. James

Combe of having introduced that method of driving. Although his

own firm had not had great experience in rojDe driving as applied to

factories, they had had a good deal of exjjerience in it as applied to

heavy travelling cranes, which enabled him entirely to endorse a

large part of what had been said in the paper. It was highly

important to have a soft pliable material for the ropes ; to have a

large diameter of pulleys ; and, though not mentioned in the paper,

in connection certainly with travelling cranes not to have too much
.strain on the rope. A few years ago his brother, Mr. F. W. Walker,

liad introduced a double rope for driving travelling cranes; it

was an endless rope, and was arranged so that two spans of it ran

in one direction and two in the opposite direction, thus putting

half the tension or strain on the one rope, and in consequence

prolonging its life. Another important matter, he agreed with

Mr. Head, was the splicing. The splice should be a long one,

and skilfully made. A fe^v years ago, when some big encrines

weighing 600 tons were being erected at his works, castings

weighing 20 or 30 tons had had to be lifted hour after hour, and a

great strain had consequently been put on the tv^-o travelling cranes.
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The greatest possible pains had been taken in splicing the ropes

from time to time, in order to get a first-rate splice ; and in the end

this had been accomplished. The ropes were 5-8ths inch diameter,

and were carefully watched. The speed ultimately adopted happened

to be exactly that which Mr. Combe had found to be useful and

proj^er, namely 3,300 feet per minute. Beginning with 2,200, it had

been raised to 5,000, and then brought down to 3,300, which was the

speed he now always used. "With this speed, and after the splice

had been properly made, the ropes had lasted nearly four years,

which was a good life for a rope on a travelling crane. This

successful result he attributed, fii-stly to the rope not being over-

strained by excessive speed or tension ; secondly to a proper splice

being obtained ; and thirdly to a proper diameter of the pulleys.

Mr. Benjamin A. Dobson, Member of Coimcil, said the subject of

TO])e driving had always had a deep practical interest for himseK a&

a constructor of cotton-spinning machinery, in which small ropes-

were often used for driving separate parts of the mechanism : so

that there was an opportunity of noticing the behaviour of the

small roj)es, which were practically working Tinder the same

conditions as the larger ropes dealt -with in the pajjer. Although

the credit for applying rope driving for indoor work, with all the

comjilicated arrangements for driving machinery, was undoubtedly

due to the late Mr. Combe, the transmission of power to a distance

by long ropes was by no means novel. In the Swiss Alps he had

himself seen a mill driven by a water wheel, the wheel being in a.

valley, and the mill on a hill a quarter of a mile away ; and it was.

driven by a rope which he was credibly infonned, though he had no

means of checking the information, had been working sixty years,

when he saw it. In England, especially in Lancashire, he had also

watched the development of rope driving ; and had had the opportunity

of discussing in England and America the relative advantages

of ropes and straps. The Americans were only now beginning

to admit that some good could come out of Belfast in the way of

rope driving; on this subject they were rather changing their ideas.

In the United States he had lately seen an installation of ropes,,
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•where j)revioiisly nothing wonld have been tlioiight of but wide

leather straps. On the proportions of the diameters of ropes and

pulleys, some engineers would perhaps hardly agree with the ratios

given by Mr. Combe (page 356) ; but he himself went still further.

Having made some experiments five or six years ago, which were

based upon ropes of small diameters, and were subsequently carried

out with ropes of larger diameters, he had found that the

diagrammatic curve worked out for representing the relative diameters

was of an astonishing kind, as shown in Fig. 27, Plate 94, and

as would be seen from a couple of examples. For a 1^-inch rope

a 6-foot pulley was sufficient ; but for a 2-inch rope under the same

conditions a 12-foot pulley would be required. In Plate 94 the

dotted wavy curve had been developed from a mean of two sets of

results, one set comprising the tensile strengths of ropes of various

diameters, and the other set their resistances to bending ; the

full fair curve was a symmetrical rendering of the dotted. When
large ropes were sometimes seen to be working over dynamo

pulleys of perhaps only 18 inches diameter, it was not surprising

that arbitration should have to be invoked on the question

of how long the ropes ought to last. The number of times per

minute that the rope was bent backwards and forwards was the

element which determined how long it was going to last. It had

sometimes been urged that on board ship, where there were so many
ropes going round small blocks, the small diameter of the sheaves

in the blocks ought to have a detrimental effect upon the duration of

the ropes. So it would have, if the ropes had to be continuously

going through the blocks ; but as a rule it would be found that the

ropes were mostly stationary on the blocks, moving only at occasional

intervals; and providing the limit of bending was not passed as

regarded the internal structure of the rope, then, even as long as it

was moving, it did not sustain much damage from the movement,

or from the strain -which it received in bending round a sheave.

All the different arrangements described in the paj)er for getting

over the difficulties of the angles of the shafts were in his opinion

undoubtedly practical, and most useful for everyone who had works

in which the driving of machinery had to be arranged. Crossed

2 N
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ropes he had seen in use. The largest size of rope he had himself

adopted for driving was one inch and a half diameter, and he preferred

multiplying the number of ropes and using a smaller diameter, say

one inch ; some ropes which he had had running fourteen years seemed

still as good as when they were put on. The great point was to

have the pulleys large enough and the ropes small enough. From

his own experience he would recommend never to put on a 2-inch

rope. A l^inch rope was as large as ought to be required ; or if

the pulleys could be got large enough, even a l|-inch rope might

be used. But he had seen several cases in which 2-inch ropes had

been an absolute failure.

Mr. Michael Longkidge, referring to the size of the ropes used

for di'iving, pointed out that at present in cotton mills the shafts

were run at a high speed; 300 revolutions a minute was common,

and he knew mills where they were running at 450. For such

speeds small pulleys were essential ; and where there were small

pulleys, there must be small ropes. From this cause he thought an

idea had got abroad that smaller ropes were intrinsically and

essentially better than larger, which he considered was a mistake.

For economy, power, and wear, the largest rope should be used that

was compatible with the size of the pulleys. The main point in

rope driving was to keep all the ropes of the same size that were

running in conjunction upon the same pulleys, so that they might all

run at the same speed. If any one rope became reduced in diameter,

either by excessive tension or by wear, it sank more deeply into the

grooves, and therefore did not run as fast as the rest of the ropes

that were less deep in their grooves. The difficulty of keeping a

great many ropes to be all of the same size was much greater than

the difficulty of keeping a few to the right size. From his own

observation he was satisfied that, if large ropes were put on large

pulleys, if the strain were kept low, and if the speed were moderate,

not exceeding about 4,000 feet per minute, the difficulties sometimes

encountered in rojie-driving would cease to exist, and the ropes

would last for a number of years : in many cases for ten years, and

in some instances he had known them last even longer. The use of
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English or Irish hemp for ropes had not been mentioned in the

paper; he was glad to say it was largely used in Scotland, and

with great success.

Mr. JoHx D. Babbotte, Hilden Flax Mills, Lisburn, said that

about thirty years ago his firm had a well-appointed mill

driven by gearing, which was believed to be as good a kind

of gearing as could be devised ; but they had been induced

by his brother-in-law, the late Mr. James Combe, to try rope

driving, which on trial had been found to answer remarkably

well. They were now transmitting he believed about 700 or 800

horse-power by ropes, and found it a highly economical and pleasant

mode of driving. He fully concurred in the remarks of previous

speakers as to the advantage of moderate speed for the ropes ; and he

considered 4,000 feet per minute was a good limit of speed (page 368).

At their own works his firm had been using ropes of 2 inches

diameter, and it was impossible to say how long these would last,

because they would probably outlast the lives of every one there

;

the present ropes had been running for years, and were practically as

good as when they were started. Although perhaps few had had

more experience than himself in the different methods of driving

machinery in mills, for his own part he should much like to know

more exactly the power absorbed in the transmission of power by

ropes as compared with toothed gearing. In transmitting power

through gearing he had foimd about 30 per cent, was lost in friction,

including the friction of the engine ; and with ropes it was practically

the same. It was the general opinion that ropes absorbed more

power than gearing ; but that was not the experience of his firm. In

America the use of ropes was being departed from, and the power

was being transmitted by belts, and this was found an economical

way of driving. His firm there had a large mill driven from a

fly-wheel of 60 inches face by two distinct double belts, each

30 inches broad, and each composed of two thicknesses of leather

sewn one on the top of the other ; these together transmitted

700 horse-power, and worked well, and absorbed less power than

2 N 2
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gearing. If anything, the friction he believed was less in

transmitting power by broad belts than by ropes.

Mr. J. HartleyWiCKSTEED, Yice-President, noticed that the origia

of rope driving, as invented forty years ago by Mr. James Combe, had

been in connection with the application of that beautiful invention,

the expanding pulley with V shaped sides. It thus apj)eared that

the invention of the expanding pulley had really been the origin of

the form of rope driving in which a round rope ran in V grooves.

An ancient instance of rope driving had been recalled by Mr. Dobson

(page 366), and no doubt other old examples could be found ; but he

thought not in conjunction with the angular groove, having an angle

of about 45°, which had proved so successful a plan for the use of

ropes. He could himself fix and confirm with great certainty the

date at which the expanding pulley used in conjunction with the

round leather rope had been exported from Belfast and imported

into Leeds ; in reality it was within two years of Mr. Combe's

invention of rope driving. Having himself been apprenticed in

1858 to Mr. Joshua Buekton, tool-maker of Leeds, who occasionally

made journeys to Belfast and knew Mr. James Combe and had seen his

expanding pulley, he remembered his obtaining his permission to fit

it up for rope driving to a drilling machine, which was to be shown

at an exhibition in Leeds in that year, when Her Majesty came to

open their new Town Hall. These facts taken together proved that

in 1858, within two years of the application of the expanding pulley

by Mr. James Combe, there was a drilling machine in Leeds fitted

up with expanding pulleys and driven with a round^leather rope.

Mr, Alfeed Saxon suggested that the value of the drawings

illustrating the many ingenious ways in which rope driving could be

taken advantage of would be enhanced if the direction of the rope

driving were shown by arrows, so as to make a distinction between

the driving and the driven pulleys. The barring engine shown in

Fig. 14, Plate 87, for starting the rope fly-wheel, seemed to him to

be rather out of date at the present time, when the use of pauls for

barring a heavy wheel round had been superseded by various other
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worm-wheel arrangements. When going yesterday afternoon through

one of the works in Belfast he had noticed a barring engine

being made with an ordinary worm-wheel and disengaging gear.

Some of the fancy drives with crossed and half-crossed ropes shown

in the drawings he thought should be adopted only in extreme cases.

Eope-driving in mills, particularly in large cotton-mills, in some

of which from 1,000 to 2,000 horse-power was transmitted, he

should prefer to be done wherever possible by direct driving from

the main pulley to the various line-shafts. For such purposes he

agreed with Mr. Dobson (page 368) that 1^-inch ropes were quite as

large as was advisable and necessary. Counter rope-driving he had

found to absorb a considerable amount of friction ; in an instance

which had come recently under his notice, the total power transmitted

through a counter rope-drive amounted to 210 I.H.P., of which the

ropes and shafting took 72^ I.H.P., thus showing 34^ per cent, to be

absorbed in friction. In the short description given in page 455 of

the Falls Mills, Belfast, belonging to the Ulster Spinning Co., it was

stated that rope driving had recently been substituted for toothed

gearing. It might well be that gearing made in 1833, with long

teeth, with the bearings worn and out of line, out of level, and out of

square perhaps in all directions, could be considerably improved ; but

what was wanted was a comparison of the best modern geared mills,

such as those in Lancashire, and the best new rope-driven mills. It

was mentioned in the paper (page 362) that, in many instances in

which gearing had been replaced by rope driving, the total power

required had not been increased. This however had not been the

experience universally ; there had been bad examples of rope driving,

as well as good examples of gearing ; and no doubt improvements

had been made in both methods.

Mr. "W. Ford Smith considered the longevity of a rope or its more

rapid destruction, when used for diiving over pulleys, was a simple

matter. As long as a rope was pulled straight, its fibres were all

lying without any unequal strains upon them ; but as soon as it was

bent round a pulley, the fibres that were at the greatest distance

from the centre of the pulley were elongated, while there was a
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tendency to compress those that were nearest ; and that sort of action

in the bend went on alternating continuously with the straight pull,

so that, the greater the number of revolutions per minute, the sooner

was the rojDe destroyed. What was wanted to be provided against

was the working of the rope in that way ; it could be mitigated only

by having the pulleys large enough, and the rope small enough ; the

smaller the diameter of the rope and the larger that of the pulleys,

the more durable would the rope be. The same principle applied to a

belt, but in a less trying manner, because a belt was comparatively thin.

Mr. George Saxon noticed that nothing had yet been said about

the number of strands in the driving rope itself, or about the exact

reason why three strands were invariably used. The latter he had

recently been able to gather from experience, having formerly been

imaware that three strands had any special merit. In connection

with a rope-driven power-crane, which was used for lifting heavy

weights and had consequently a high tension upon the driving rope,

it had been suggested by the foreman that a four-strand rope should

be employed for greater strength. On enquiring of the rope-maker

whether that would be in order, he expressed his readiness to make

a rope with either three or foui* or any other number of strands, but

did not profess to offer an opinion as to one being any better or more

suitable than another. It had then been decided to have a four-strand

rope and try it, especially as the last three-strand rope had not given

satisfaction. It was found that the four-strand rope scarcely lasted

six weeks; it quickly got ragged, and was soon in a precarious

condition. The reason why the three-strand rope was generally

used appeared to be that it had a better grip in the groove, and had

consequently less strain upon it, especially as its construction did not

necessitate the introduction of a core, which in his opinion formed

the weakest part of any rope, whenever it had to be inserted. The

four-strand rope had accordingly had to be thrown out ; and on going

back to the three-strand there had not been the slightest trouble

with it since, and he expected it would run out its apportioned time,

perhaps eighteen months, or twelve at the least, though it had a great

deal of work upon it.



July 189G. BOPE DRIVING. 373

Mr. Henry McLaren mentioned tliat he liad first become

acquainted with rope driving in 1870, in connection with steam-

ploughing tackle, for which a 7-8ths inch manila rope was used,

transmitting never less than 40 I.H.P. Instead of this, the paper

appeared to give a l;|-inch rope for transmitting only 5 I.H.P.

per 1,000 feet per minute speed of rope (page 357). The ploughing

ropes usually lasted twelve months, and then began to give trouble

;

working during wet weather was highly injurious to them. The

portable ploughing engines had two 8^-inch cylinders, running with

a piston speed of 450 feet per minute, and 80 lbs. initial steam-

pressure ; over a hundred sets of those ploughing engines had been

constructed. The ropes were 1,600 yards long, and had to be put all

round the field to be ploughed ; it was therefore highly important that

they should be kept light. The manila rope was found to last much

better for this work than the cotton ; it was a specially long fibre,

and was made by Messrs. George Cradock and Co., Wakefield. After

the rope began to break, it had to be cut and re-spliced on the ground

;

and the agricultural labourers became expert at splicing. On one

occasion he remembered as many as twenty-four splices having to be

made in a day. The pulleys for the 7-8ths inch rope were 20 inches

diameter ; ropes of larger diameter working over the same pulleys

failed much sooner than the 7-8ths inch rope. Temporary pulleys

were stuck in the ground all round the field, just like fitting up a

mill. It took about half a day to put a rope round 30 or 40 acres

;

everything depended upon whether the fences were straight 'or

crooked, because corner pulleys had to be put in at all bends. The

ropes ran at 3,500 feet per minute ; and seeing that with a 7-8ths

inch manila rope it was possible to transmit from 40 to 60 I.H.P. at

that speed, he considered the sizes of ropes given in the paper for

the various powers were excessive. On pulleys of small sizes it

would be better he thought to run smaller ropes than many of those

that were now employed on small pulleys.

Mr. Bryan Donkin, Member of Council, mentioned as a matter of

history that in 1868 he had seen at Colmar [in Alsace many long

steel-wire ropes used for driving shafts in cotton mills, which were



374 EOPE DRIVING. JuLY 1896.

(Mr. Bryan Donkin.)

arranged and designed by C. Frederick Hirn, brother of George A.

Hirn. These wire ropes * had first been used in 1852.

Mr. W. Llotd Wise mentioned, both as a matter of history and

also as indicating how different minds were sometimes directed to the

same subject, that, before the expanding pulley had been brought out

by the late Mr. James Combe, to whom so much credit was due for its

introduction, his father, the late Mr. Francis Wise, who had been a

Member of this Institution, had really worked the plan out on paper

in its complete form ; and he believed that somewhere about 1858 or

1859 his father had written to the late Mr. Combe, drawing his

attention to this fact as a matter of interest.

Professor John Goodman thought that the large factor of safety

employed in rope driving would account to a great extent for the

discrepancy between the power transmitted, as given in the paper

(page 357), and the power mentioned by Mr. McLaren (page 373).

In ordinary rope driving he believed it would be found that the

factor of safety was as high as ninety : that is, the working load on

the ropes was only about one-ninetieth of their ultimate strength

;

but the ropes used by Mr. McLaren must have been worked much

nearer to their breaking load. Some years ago he had seen an

ingenious method of driving, by means of a continuous rope,

machinery for charging and drawing the retorts in a gas-works. A
long horizontal rope ran from one end to the other of the retort

house, and was coiled once round a driving pulley, which made one

complete revolution. The difficulty of the chafing of the rope

where it entered and left the pulley was avoided by making the

pulley taper or conical, so that the diameter on the entering side was

greater than that on the leaving side ; the rope consequently slipped

sideways, so that the leaving span was clear of the entering span.

Mr. A. Basil Wilson had recently had an opportunity of trying

four different kinds of ropes. The first kind were manila three-

Notice sur la Transmission Te'lodynamique, par C. F. Him ; Mulhouse 1867.
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stranded. The second were cotton, consisting of an internal core

served round with a lapping of small rope j inch diameter : so that

practically the portion which had to take the pull was of small

diameter, while the surface bearing on the pulley was of considerably

larger diameter, thereby reducing the strain on the core to a

minimum. The third kind were three-stranded cotton ropes

;

aiiC. the fourth four-stranded. These four kinds he had tried

simultaneously on four different engines, running them practically

against one another. The first point of difl&culty was to get a

thoroughly good splice ; the next in value was the duration of the

rope ; and the last, the amount of friction absorbed in passing into

and out of the pulley grooves. With regard to the splicing, the

three-stranded rope made by far the best splice, owing to the fact

that the loose strand was nipped between two tight strands. The

four-stranded rope did not give so good a splice, as it had to have a

core, and the loose end had to be passed between the two tight

and the one loose strand. A rope with four strands necessarily

required a core; whereas three-stranded ropes did not, and had

thereby an advantage, since the core gave no practical strength.

The working of the four-stranded and three-stranded ropes was

apparently almost identical. They showed no important difference

in wear, when they were placed side by side on pulleys of equal

diameter, so long as the splices were kept right ; this was the point

upon which the difficulty occurred. The wear on the lapped rope,

which consisted of a small core lapped round with what sailors

called " serving," was less than on any of the other three ; but here

occurred the greatest difficulty in splicing, inasmuch as the outer

wearing lapping could not be thoroughly spliced into the heart of

the rope. The main point however in the life of a rope was not

generally known or considered : namely that, in the ordinary mode

of " laying up " a strand in the process of manufacture, it was

found that the interior yarns in the strand became buckled by

compression, in the absence of any tensile strain upon them while

being laid ; the outer yarns had therefore to bear the strain of

working, while the inner ones were slack ; this arose from the fact

that the central yarns while being laid ran absolutely straight out of
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the reels, while the outer cnes having to pass round a helical curve

puckered up the inner ones. This difficulty had been got over by a

modification in the method of laying ; and where ropes were thus

properly made, all three strands were under equal tension both inside

and outside, and the duration was extraordinary. The theoretically

effectual rope which would produce least friction would be one having

such elasticity that, when the pull came upon it to lift it out of the

groove, it would be thereby so reduced in diameter that its grip

in the groove would become nil. Eopes which on entering the

grooves were somewhat larger in diameter than on leaving would

produce but little friction. If on the other hand the rope was of

such a rigid nature as to maintain its diameter whether strained or not

strained, the friction in the groove was largely increased.

With regard to the relative diameters of the ropes and of the

pulleys, present practice had grown up from experience ; and it

would seem that the rule for the size of rope was entirely dependent

on the class of rope to which it was applied. A lapped rope could

be used for passing round a pulley of approximately one-third

smaller diameter than a three-stranded or a four-stranded rope. A
cotton rope, owing to its greater elasticity, could be used with

efficiency round a smaller pulley than a manila rope.

A visitor mentioned that fifteen years ago he had employed in

India a coir rope made of the fibre from the husk of the cocoa-nut,

and it was still working there most satisfactorily.

Mr. Combe pointed out that the diameters of pulleys recorded in

the paper as those adopted by Mr. James Combe for the various

sizes of ropes were the minimum diameters, not necessarily the

proper diameters for all classes of work (page 367).

In regard to the half-cross drives (page 364), Plates 89 and 93,

the reason for having the ropes arranged in the way shown in

Plate 93 was that the pulleys were so close together that single

ropes would be too short. In these haK-cross drives the driven

pulley was placed in the same plane as the axis of the driving pulley,

so that the ropes entered and left the grooves at approximately the



July 1896. ROPE DEIVING. 377

same angle to the plane of the groove, in order that the amount of

friction between the rope and the edges of the groove should not be

excessive either when entering or when leaving the groove, as it would

be if the pulleys were placed in the relative positions usually adopted

for strap driving. What had been termed fancy driving (page 371)

he did not recommend, when straightforward driving would do. The

special drives which had been brought out from time to time had been

due to particular circumstances : difficulties had had to be overcome,

and they had been overcome by these fancy drives ; but where

straightforward drives would do, they were used.

It was true there was a large margin of safety in rope driving

(pages 373 and 374), in so far as the strength of the rope itself was

concerned ; but it was not so much the strength of the rope that had

to be taken into account, as the fact that slip of the rope in the groove

must be avoided. In Ireland mills could not afford to stop twenty-

four times in a day for splicing the ropes, as in steam-ploughing.

Experience had shown that if a sufficient number of ropes were

employed, so as to keep the power transmitted by each down to the

bases given in the paper, they would last fifteen or twenty years

without trouble. The object of the paper had been to deal with

rope driving as introduced and developed for driving mills and

factories by such arrangements as were illustrated in the drawings,

with several ropes working side by side ; and he had not taken into

account the driving of individual machines, such as drilling

machines (page 370) or travelling cranes (page 365) or spindles, nor

the use of wire ropes in Switzerland (page 373), which formed an

entirely different class of rope driving.

The barring engine with pauls, shown in Fig. 14, Plate 87,

belonged to the original fly-wheel specially designed for rope driving

in 1879, and had therefore been copied from the old drawing shown

in Fig. 10, Plate 85. At the Falls Foundry he should be happy to

show how good barring was now done by modern appliances (page 370).

For showing the direction of running, no arrows were necessary

on the drawings, because the direction of driving was either forwards

or backwards as desired. There were frequent examples of ropes

working at quite as great obliquity as shown in the drawings ; in
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(Mr. Combe.)

some the ropes entered on the same side as here shown, and in

others on the other side.

With regard to the power transmitted by the several sizes of

ropes and jDulleys tabulated in page 357, it was not meant that they

should always run at 100 revolutions per minute ; the power was

simply given per 100 revolutions as a convenient basis for

calculation.

The kind of splice that had been found best for rope driving

was what sailors called a " long " splice, say from six to twelve

feet long ; and not only were the strands cut at different points,

but subdivisions of the strands were also made and cut at different

places, so as to spread the joints over a number of intervals, whereby

the part of the rope where the splice came was made no larger in

diameter than the remainder of the rope.

The President proposed a cordial vote of thanks to Mr. Combe

for his valuable paper, which had been so highly appreciated by the

Members, and had given rise to so interesting a discussion.

Mr. E. H. Elswortht wrote that from his own experience in

India he slfould much have doubted whether coir or cocoa-nut fibre

ropes (page 37G) would give any good results. The fibre was

hard, coarse, and of a short staple ; and there would be great

difficulty in making a suitable long splice. It was also much

affected by climatic changes, and if allowed to get damp would

contract so much as to render it liable to break, if it had been

sufficiently tight on the pulleys when dry. They might be put on

as a make-shift, if no others were available ; but he had never

heard of their being used in any works as a permanency.

Mr. Dbuitt Halpin wrote that he considered the loss in

transmission by belts and ropes was still a most important subject,

the determination of which he hoped would soon be undertaken in a

comprehensive and suitable way. In the discussion of Professor
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Capper's paper on tLe Lille rope and belt experiments (Proceedings

1895, page 640) he had suggested that the power absorbed might be

determined by the employment of dynamometer springs ; and it had

since occurred to him that a simple and practically perfect

instrument of this kind might be produced if the arrangement for

measurement described in Mr. Towne's paper on Emery's testing

machine (Proceedings 1888, page 206) was used, in which the loads

were measured by discs capable of very accurate calibration.
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DESCRIPTION OF THE ALUMINA FACTOEY
AT LAENE HAEBOUE.

By Mr. JAMES SUTHERLAND, Manager.

Sources of Aluminium.—Aluminium is one of tlie most abundant

metals found in the earth. In tlie metallic state it is not met with
;

but its compounds with oxygen, fluorine, the alkalis, silicon, and the

acids are so numerous and so widely diffused that it is almost

impossible to obtain a portion of the earth's crust in which it will

not be found. The compounds of aluminium with silicon and other

bases are the most numerous. These in the form of felspar and

mica, mixed with quartz, form granite. By the influence of air and

water these compounds are decomposed, the alkali is replaced or

carried away, and the residues form clays. Such precious stones as

the ruby, sapphire, garnet, and cryolite, also contain large quantities

of the metal ; the ruby and sapphire are almost pure oxide, or alumina
;

and cryolite, a double fluoride of aluminium and sodium, is found

in abundance, containing 13 per cent, of aluminium. But the clays

present the largest source of the metal; and the mineral called

Bauxite is generally used for its production. Bauxite derives its

name from the French town of Beaux, near which it was first

discovered. Since that time large deposits have been found in

County Antrim, where thousands of tons have been mined daring

the past twenty years, chiefly for the manufacture of sulphate of

alimiina and other salts of aluminium.

Analysis of Bauxite.—County Antrim bauxite contains :—alumina

56 per cent., corresponding with aluminium 29 • 9 per cent.
;
peroxide

of iron 3 ; silica 12 ; titanic acid 3 ; and water 26 per cent. From

this analysis it will be seen that, if the aluminium is to be obtained

in a state of purity, the peroxide of iron, the silica, and the titanic
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acid must be separated out before tlie extraction of the metal from

the alumina is attempted.

Alumina Factory.—Tbe most convenient method for obtaining

pure alumina from bauxite is that discovered by Dr. K. J. Bayer,

which is used in the Alumina Factory at Larne Harbour. The

factory is situated close to the terminus of the narrow or 3-ft. gauge

line of the Belfast and Northern Counties Eailway, whereby it is

conveniently connected with the mines at Glenravel, 35 miles

distant. As shown in the plans, Plates 95 and 96, the main building

of the factory is 240 feet long and 80 feet broad, the loftiest portion

being 30 feet high ; it is built of brick, and covered with a slated

roof on iron principals, in two bays of 40 feet span each. Steam at

100 lbs. pressure per square inch is generated in two Lancashire

boilers, 25 feet long and 8 feet diameter, fed by a direct double-

acting duplex steam-pump, with pure water at 180^ Fahr. obtained

from the evaporating apparatus. The necessary draught is obtained

by a chimney 120 feet high. The driving power required is supplied

by a horizontal non-condensing engine, with cylinder 14 inches

diameter and 20 inches stroke, running at 140 revolutions per

minute. The slide-valve has an expansion valve on the back, and

the cut-off is regulated by a hand-wheel. The engine is capable

of exerting 80 horse-power when working against a back pressure of

10 lbs. This amount of back pressure is due to the exhaust steam

assisting in the heating of the evaporating apparatus. The power is

transmitted to the main shaft, which runs at 200 revolutions per

minute, by four 5^-inch cotton ropes driving on the fly-wheel, which

is grooved for the purpose.

Grinding and Calcining.—The trucks of bauxite as received from

the mines are run directly into the grinding room. Here the ore is

fed into a disintegrator, and ground to ^-inch cubes, which fall down

a shoot into the bottom boot of an elevator, whereby they are

delivered into a riddle of ^inch mesh. The ore which passes

through the mesh descends a sheet-iron pipe into the calciner

;

while the tailings are returned to the disintegrator by gravitation.
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to bo ground over again. The organic matters present in the ore

require to be destroyed, and for this purpose calcination is resorted

to. The calcination is important, because the presence of organic

matters would retard, if not totally prevent, the subsequent

separation of the alumina from the caustic soda in the decomposing

cylinders. On the other hand, too great heat would cause the ore to

become far less soluble in the solution of caustic soda.

Calciner.—The calciner, shown in Plate 97, consists of an

iron tube C, 33 feet long and 3^ feet diameter, lined with fire-

brick, and mounted on rollers to permit of its revolving. It is

inclined at an angle of 1 in 25, and is heated by a furnace at

the lower end, from which the heat passes up through the tube and

into a chimney at the higher end. As the tube revolves, the bauxite

fed into the higher end travels downhill towards the lower end and

meets the heat ascending from the furnace, which is regulated to suit

the extent of calcination required. On leaving the tube the calcined

ore falls upon a j)late P having a slot in it just large enough to allow

the bauxite to pass. Through the slot it descends by a shoot into

the cooling tube L, which is 30 feet long by 2^ feet diameter and also

revolves, being inclined in the opposite way to the calciner tube.

Here the ore is cooled by a current of air drawn through the tube by

a fan connected with the opening F. At the outfall of the cooling

tube is placed a spiral conveyor S, which discharges the ore into a

second disintegrator, where it is ground sufficiently fine to pass

through a 30-mesh sieve, that is, one with 30 holes per lineal inch,

or 900 per square inch. Thence an elevator dej)osits it in a store

having a hopj)er bottom, underneath which the small trucks can be

run to be filled.

Xiers.—The alumina is extracted from the ground bauxite by

treating it with a strong solution of caustic soda under steam-

pressure. A soluble compound of alumina and soda, called aluminate

of soda, is thereby formed, while the peroxide of iron, silica, and

titanic acid remain as insoluble compounds. This decomposition is.

effected in pressure kiers, shown in Plate 98, which are constructed
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of mild steel plates ^ incli thick, and are 11 feet long by 5 feet

diameter inside, and surrounded with a steam-jacket for heating.

A horizontal 3-inch shaft runs through the kier longitudinally, and

is fitted with eight 16 X 9-inch paddles, which keep the contents in

constant agitation. Stuffing-boxes are fitted at the ends of the kier,

for the shaft to run in. Each kier is provided with a charging

opening C, a discharging opening D, and a safety-valve V ; and the

jacket with steam inlet, safety-valve, and water outlet, the latter

being connected with a steam trap. The kiers have been tested

to 200 lbs. per square inch, and are constructed to work at 100 lbs.,

although in practice about 80 lbs. is found to be sufficient for

effecting the decomposition of the bauxite.

The necessary supply of caustic soda solution having been run

in, usually of 1*45 specific gravity, the agitator is set going, 'and

the bauxite previously weighed is admitted. This is done by a

small elevator, which supplies the quantity automatically and

regularly, thus ensuring thorough admixture. When the charge is

all filled in, usually about 3 tons, the charging opening C is closed,

and steam is turned on into the jacket. The pressure is slowly

increased up to 70 or 80 lbs., which is maintained for two or three

hours, until the decomposition is complete. The discharge cock D is

then opened, and the mass is blown out by the pressure in the kiers

up into the red-mud tanks, which are placed in the highest part

of the building. Here the mass is diluted with washing water to

a specific gravity of 1 • 23, and is then ready to be filtered in order

to separate out the aluminate of soda solution from the impurities.

Filter Presses.—The filter presses used for this purpose each

contain fifty chambers, giving cakes 30 inches square and 1 inch

thick. The impurities being insoluble are retained in the press,

while the liquid aluminate runs out into the filter tanks. When the

press has become filled with red mud, the cakes before being

removed from it are subjected to a systematic washing, for

extracting as much of the aluminate of soda as possible. The

washing water is utilized for diluting the mass blown up from the

kiers. Centrifugal pumps are employed for charging and washing

2 o
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the presses. Conveyors are placed beneath each filter press, which

receive the cakes of red mud when the press is opened, and deposit

them on trucks placed outside the building. At present the red

mud is useless, but experiments are being conducted, which it is

hoped will result in a profitable use being found for what would

otherwise be a troublesome by-product.

Cellulose Filters.—The lyes from the filter presses, collected in

the filter tank, are then subjected to another filtering process

through cellulose consisting of paper-makers' wood pulp. These

filters are composed of lead-lined vats with sloping sides, 10 feet

long by 6 feet broad and 3 feet deep, with a ledge round the

inside 6 inches from the bottom, on which is placed a sieve of

1-8th inch mesh, supported on a frame. Two of these filters form

a set, one placed above the other. About 50 lbs. of cellulose is

boiled with water to a thin pulp, and is run upon the sieve in each

filter ; it soon settles down, and is ready to receive the lyes, from

which it retains all the finely divided insoluble particles that have

escaped from the filter presses ; the result is a perfectly clean liquid

composed of pure aluminate of soda. This final filtration is necessary

if the alumina, and consequently the aluminium, is to be produced

in a state of purity.

Decomposing Cijlinders.—For the separation of the alumina from

the soda, the decomposition of the aluminate was formerly effected

by blowing carbonic acid gas through the liquor, when the soda

combined with the carbonic acid, forming carbonate of soda, and the

alumina was set free in the form of hydrate of alumina. The

carbonate of soda had afterwards to be re-transformed by a

chemical process into caustic soda, before it could again be used

for decomposing a fresh charge of bauxite. By the Bayer process

the separation of the hydrate of alumina is brought about by the

addition of excess of hydrate of alumina itself, and constant stirring

in the decomposing cylinders, which are large circular tanks 13 feet

diameter and 20 feet high, provided with agitators. In practice

the liquid aluminate of soda from the cellulose filters is pumped
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up into largo tanks of 4,800 gallons capacity, j)laced above the

decomposers. The liquor can be measured and heated, if necessary,

in the tanks. The decomposer, in which sufficient hydrate of alumina

las been allowed to remain for beginning the decomposition, is

filled, and the agitation started. In about thirty-six hours, 70 per cent,

of the alumina in combination with the soda has separated out ; and

this is the extent to which the precipitation usually takes place.

The agitator is then stopped, and the contents of the decomposing

•cylinder are allowed to settle. In a short time the hydrate of

alumina settles to the bottom, and the clear liquor is run off the

lop by gravitation into the weak-liquor tanks.

Hydrate Filter-Presses.—After as much as possible of the clear

liquor has thus been decanted off, the hydrate of alumina is pumped

out of the decomposing cylinder, sufficient being allowed to remain

behind in the cylinder for beginning the decomposition of the next

charge of liquor admitted. The hydrate of alumina pumped out is

filtered through filter presses, and the weak liquor passing through

the cloth is allowed to run into the weak-liquor tanks. The charging

of the hydrate filter-presses is done by a horizontal twin direct-

acting steam-pump, with steam cylinders 7 inches diameter, rams

5 inches diameter, and 12 inches stroke. The pump is provided

with an automatic arrangement for shutting off the steam when the

presses are full : a ^-inch pipe leads from the air vessel, and when

the pressure exceeds 80 lbs. it raises a weighted diaphragm, which

closes a valve placed in the steam-pijie beneath the throttle-valve,

and so cuts off the steam.

WasMng and Drying.—When the filter presses are full, washing

is commenced, in order to remove the last traces of soda. The

pump for this purpose is duplex direct double-acting, with 5^-inch

steam cylinders, 3^-inch pump cylinders, and 6 inches stroke. The

Avashing is done systematically as before, in five different stages,

the last of which is with pure water. After washing, compressed

air is forced through the cakes to remove as much water as possible.

The air compressor is horizontal, with steam cylinder 8 inches

2 o 2
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diameter, air cylinder 6 inches diameter, and stroke 14 inches. It

has a suction capacity of 90 cubic feet per minute -when running at

120 revolutions per minute and delivering at 80 lbs. pressure pei"

square inch. The air-compressing cylinders are provided -ndtb

water-jackets to keep them cool.

Calcining Furnace.—Conveyors are placed beneath the hydrate

presses, which deposit the hydrate of alumina on the top of the

calcining furnace, where the moisture and water of hydration are

driven off. The furnace has a bed 20 feet long and 6 feet wide, and

is fired with Dowson gas, for which the generator is placed in a

small shed outside the main building, so that no dust may get mixed

with the alumina. The products of combustion pass between the

arch over the hearth and a drying tray placed above, on which the

hydrate gets a preliminary drying before being admitted to the

hearth. A low temperature is sufficient to drive off the moisture

and the water in chemical combination, leaving the alumina perfectly

anhydrous ; but if formed in this way it takes up water again readily.

To prevent it from doing so, the anhydrous alumina is heated to

about 2,000° Fahr., when it becomes crystalline, in which state it is

not so liable to absorb moisture. It is important to have the alumina

as dry as possible, for the presence of water means a corresponding

loss of electricity during the subsequent reduction. When the

calcination is complete, the alumina is drawn into iron barrows, and

spread on a tiled floor to cool ; after which it is ready to be packed

in casks.

Evaporator.—The weak soda liquors from the decomposers and

hydrate presses, having a specific gravity of only 1 • 2, are too dilute

to dissolve the alumina out of the bauxite, and must therefore be

concentrated by evaporation up to 1*45 specific gravity. The

evaporator is of the triple-effect kind, and is ca2)able of evaporating

33,000 gallons of water in twenty-four hours. It has independent

feed, air, and circulating piimps ; and the exhaust steam from these,

as well as that from the main driving engine, assists in ]i eating

the evaporating pans. The circulating water is discharged into a
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small concrete tank or pond, whence it is pumped up by a 5-incli

centrifugal jjumj) to the top of the cooling tower, which is 30 feet

long, 20 feet wide, and 25 feet high, and is provided with four trays.

During its descent into the pond the water is reduced 40° in

temperature, namely from 100^ down to 60° Fahr. The water

evaporated from the weak soda liquors being pure, and having a

temperature of 180° Fahr., is used for washing the hydrate of

alumina, and for boiler feeding, &c. It is stored in a lead-lined

wooden tank of 6,000 gallons capacity, placed above the decomposers

;

the sujjply for the hydrate washing is filtered through a small

cellulose filter placed beneath. All the drainage of the factory

is collected in a concrete tank placed in the yard, and is pumped

back, to be used for washing the red mud, dissolving soda, &c.

Any soda, aluminate of soda, or water, which escapes by leakage

•or otherwise from any of the processes, is thus saved. The pump

for this purpose is similar in size and make to the boiler feed-pump

;

it is placed in the boiler house, and is arranged to feed the boilers in

case of a breakdown of the feed-pump proper.

Electric Lighting.—A 15-unit Taunton dynamo is used for

lighting the factory at night by means of ten arc lamps of 2.000

candle-power each and one hundred incandescent lamps of 16 and

32 candle-power. The dynamo is driven by a Eobey vertical steam-

engine, from which the power is transmitted by four cotton ropes of

one inch diameter. The dynamo and engine are self-oiling, and

require very little attention.

Extensions.—Provision has been made for extensions, the buildings

being capable of containing double the machinery already erected

;

and the beams and columns are already in position for receiving

the additional apparatus which, it is hoped, an increasing demand

will soon render necessary.
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Discussion.

Mr. SuTHERLAXD exhibited a set of specimens exemplifying the

successive stages of tlie manufacture, from the crude bauxite to the-

finished alumina. The collection comprised broken stones of bauxite-

as received from the Glenravel mines
;
ground :j-inch cubes of

bauxite from the disintegrator and riddle ; calcined bauxite of the

same size, and afterwards ground and sieved through a mesh witk

30 holes per lineal inch ; red mud from the kiers ; the lyes or

filtered aluminate from the filter presses, and the cleared aluminate

from the cellulose filters ; hydrate of alumina from the decomposing

cylinders, and again after filtration through the filter presses, and

again after washing and drying ; and calcined alumina in its final

crystalline form.

Mr. Benjamin A. Dobson, Member of Council, asked whether any

information could be given respecting the commercial result, namely

as to the ultimate cost of producing metallic aluminium, by this

preliminary process of preparing the pure alumina in the manner

described in the paper, and by the subsequent reduction of the metal

from its oxide by electricity. Aluminium itself was becoming:

every day more and more valuable to engineers. In whatever form

it was used, whether in steel and iron as increasing the fluidity

and homogeneity of the metal, or whether in mechanical construction,,

there could be no doubt that its importance was daily increasing ;.

and engineers, however scientific they might be, had a commercial

side to their business, and liked to get their materials as cheaply as.

possible.

Mr. Sutherland explained that the operations carried on in the

factory at Larne Harbour terminated with the production of the

calcined alumina, and did not include the reduction of aluminium

from its oxide. The first object was to extract from the ore pure

alumina ; and the process of doing so was all that had been described

in the present paper. The electric reduction of metallic aluminium

from the pure alumina manufactured at Larne was performed in the
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factory of the British Aluminium Co. at Foyers near Inverness,

where it had not yet been carried on long enough for enabling the

details of the process to be described. A subsequent paper however

he believed would be given to the Institution in due course upon the

works at Foyers, for showing what had been done there.

The Pkesidext proposed a vote of thanks to Mr. Sutherland for

his paper and the sj)ecimens he had brought, which would together

enhance the interest of the visit the Members would make under his

guidance tomorrow afternoon to the Alumina Factory.
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DESCEIPTIOX OF THE BELFAST GAS WORKS.

By Mr. JAMES STELFOX, Exgixeeb and jMaxager.

Hisiorical.—The Gas Industry may be said to date from tlae early

years of tlie present century, tliougli numerous records prove that

private establishments were lighted by means of coal gas at a

considerably earlier period. The first public lighting of London

by gas was witnessed in 1813 on Westminster Bridge ; and within

the nest few years a rapid extension of the plan took place, not only

in the metropolis but also throughout the country. In Belfast,

notwithstanding its remoteness at that jieriod as regards time and

convenience of transit from those manufacturing centres which seem

chiefly to have excited the enterprise of the pioneers in gas

engineering, the subject received attention as far back as 1817, when

the original projectors of the gas works appear to have been represented

by Mr. E. Spear, with Messrs. Barlow Brothers as engineers and

architects for the undertaking. About 1821 a start was made on a

little plot of land on the Ormeau Eoad, ABCDEFGin Plate 99,

the site being now occupied by a portion of the present offices and

by the retort house &c. of the old section of the works. The contract

for laying the necessary pipes and services was given to Mr. Charles

Burt Eobinson of London, whose name was afterwards well known

in connection with the gas undertakings of Leicester, Coventry, and

Leamington, and with the gas industry generally. The works

were first brought into use in the autumn of 1823, and in the

*' Belfast News Letter " of 2nd September of that year appeared

a long and interesting account of the new undertaking.

The works stood well out of the to\\'n of that date, and covered

an area of about IJ acre, having a frontage to Ormeau Road of
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220 feet and a depth of about 300 feet. The retort house was 100 fee

long by 36 feet wide, and contained forty-five cast-ii-on retorts, from

which the possible make could not have exceeded 100,000 cubic feet

per day, while the actual production was probably not nearly so

much even in midwinter. The purifiers seem to have been boxes

4 feet square, and the station meter passed 50 cubic feet per

revolution. The largest of the six meters now in use is capable of

passing 57 times that quantity. There were three gas-holders,

each 40 feet diameter, 15 feet deep, and containing 18,500 cubic

feet each, or 55,000 cubic feet in all; the latter amount may

be taken as fully equal to the largest day's consumption. During

last winter the largest day's consumption was about 133 times as

much, amounting to 7^ million cubic feet.

A great impression seems to have been produced by the method

of building the chimney, as well as by what was considered its

great height, namely 97 feet. An old doggerel ballad, which was

sung in the streets shortly after the inauguration of the works,

truthfully refers to " the great Kobert Hall, who built the gas

chimney without scaffold at all."

An unprofitable period of difficulties was happily terminated in

1852, when the management was entrusted to the writer's father, to

whose patience, perseverance, and energy it is due that the concern was

rescued from the quagmire of financial failure, and placed on so

sound a foundation that when it was purchased in 1874 for the

community the operations were being so carried on as to render the

transfer a great jjublic benefit.

Extensions.—In 1852 the gasholder accommodation began to

prove insufficient, the full storage being about 290,000 and the

maximum day's consumption about 430,000 cubic feet ; and within a

month of the new manager's appointment he was called upon to

undertake an extension in this direction, which was carried out

during the following year. The new gasholder, at that time

considered colossal. No. 3 in Plate 99, was 100 feet in diameter,

rising to a height of 50 feet, and containing when full about 380,000

cubic feet, which is equal ,to about twenty-five minutes' supply
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during the period of present maximum consumption. It is still at

work, and rendering excellent service. The producing and purifying

plant next became too small, so that extended retort houses and

purifiers had to he provided. As regards the former, after utilizing

an old coal shed as a retort house and tinkering up the old benches,

it was thought desirable to build an entirely new house over the top

of existing benches, and to cover new ground for further expansion

in this department. The obligation to keep things going rendered

it necessary however to follow the lines of the old house, a necessity

which has resulted in great inconvenience of working. A set of

jmrifiers each 10 feet square had been added, but served only for a

short time to stave oif trouble ; and therefore it was resolved to add

another set of 12 feet boxes, which it was then supposed would meet

all requirements. By 1861 the daily output had reached a maximum

of over a million cubic feet, and storage had again become

insufficient. It was accordingly resolved to put up a still larger

gasholder, No. 1 in Plate 99, 110 feet diameter, rising 52 feet, and

holding when full about 560,000 cubic feet, which was placed on the

space occupied by four of the six small holders ; and the tanks of

the remaining two were converted into tar and liquor wells. While

this work was being carried out, an accident occurred which

momentarily jeopardized the supply of gas to the town for the

whole winter. The wall of the new tank fell in, carrying with it

the wall of the neighbouring tank and the gasholder as well.

Fortunately the community were spared from the threatened

catastrophe, and the two tanks were rebuilt, the one which was

replaced, No. 2 in Plate 99, being made larger than the original:

so that by the following year the storage for gas had been

increased to about 1,350,000 cubic feet, the daily maximum being

nearly 1,250,000 cubic feet.

Coal SuppJij.—Up till 1865 all the coal used in the works had

been carted from vessels at the quay, and the low cartage rate of only

Id. per ton gave no inducement for a change. Gradually however

coal vessels had to discharge at a greater distance from the works,

and wages and other charges began to increase, causing the cost of
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cartage to rise from time to time until it reached Is. 2d. per ton.

All coal was then received into barges and brought alongside the

gas-works wharf, where it was discharged as before by means of

bags, which were carried from the barges to carts and from

the carts into the retort houses and stores. To facilitate delivery

the retort houses were placed as near the front gate as possible : a

somewhat undesirable arrangement, which would not have been

adopted if it could in any way have been avoided. The cost of

transit from the wharf was 8c?. per ton, and the lighterage 5d. ; so

that a saving was effected, but only to the trifling extent of Id. per

ton. The congestion caused by the constant stream of coal carts

entering and leaving the gate, and impeding the vehicles coming for

coke or bringing lime &c. into the works, became each year more

serious, and showed that the time was near when it would be

impossible in this way to bring into the premises sufficient coal for a

day's working.

Elevated Hailway, and Cranes.—Meanwhile another gasholder

was erected of 150 feet diameter, No. 4 in Plate 99, which when

fully elevated contained upwards of one million cubic feet ; and a

still larger one. No. 5, capable of holding 1^ million cubic feet, was

completed in 1874. Two years later the first attempt was made

to deal with the congestion consequent on the coal delivery, by

the establishment of an elevated platform and railway served by

hydraulic cranes at the wharf, which was reconstructed. The rails

were carried into every division of the retort houses ; and by means

of a hoist the wagons were elevated to a still higher level of rails

running through the roofs of existing coal sheds. The trouble

experienced in carrying out this work was great, and the cost about

£6,000, while the saving effected was only about 2d. per ton. Its

real usefulness however lay in doing away with all the former

bustle in the yard, when the utmost that could be taken in per day

was only 240 tons ; whereas now 700 tons can be taken in with

ease, working only one crane, and the yard is freed from this source

of congestion.
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StoJcing MacMnerij,—In 1884 it was decided to make a trial

of stoking machinery in tlie retort house. The buildings were

unsuitable for machines, on account both of their narrowness and

of want of length ; and in one division only has it been found

practicable to work the plan, which is that of Mr. John West, of

Manchester. The coal is broken into small pieces in the coal shed,

and elevated on to a high-level band, whereon it is conveyed to

hoppers situated at the end of the retort house, and from these the

charging machines are fed. The machinery is actuated by compressed

air at a pressure of about 70 lbs. per square inch. Similar machines

of improved make have been provided in the retort house not yet in

use ; these will be worked by ropes, the power being obtained from

engines placed near the end of the house.

Hydraulic Power.—With the advent of hydraulic power numerous

appliances were rendered desirable and practicable. Capstans for coal

and coke haulage, lifts for covers of purifiers, cranes for coke storage,

and small hoists for various pm-poses have been put up, all of which

are worked by water power supplied by a small steam engine having

a pair of cylinders of 14 inches diameter and 12 inches stroke. The

steam pressure is 40 lbs. per square inch, and the hydraulic pressure

700 lbs. Two accumulators are in use ; one of 8 inches diameter

with 11 feet rise, and one of 12 inches diameter with 15 feet rise.

The increased appliances were at once called upon to meet

increased and increasing demands. The consumption of gas had

risen from 416 million cubic feet in 1874 to 562 million in 1881
;

and the addition of still another gasholder of 190 feet diameter.

No. 6 in Plate 99, with a rise of 90 feet and a capacity of 2,400,000

cubic feet, brought up the total storage cajiacity to six million cubic

feet. Gradually too the new retort houses were brought into use,

until this reserve became part of the daily working in winter, and

no margin remained for emergency. The rush of gas was so great

that the purifiers were at times quite overpowered, and blew their

water seals, causing serious loss of gas and great risk ; for on one

occasion at least the escaping gas ignited, and but for the prompt

action of the foreman there might have been a serious calamity.
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OverJiead Purifiers.—Every addition of buildings or apparatus in

order to produce more gas meant the occupation of valuable space.

If tbe land question seems to have been always a burning one in

Ireland, it has certainly been so in the later history of the Belfast

Gas Works. As the space originally intended for pm-ifiers was the

only ground on which a retort house could be built, in 1891 a new

structure with most modern settings and appliances was commenced

thereon, and is now ready for work ; but other appliances about to

be described have thus far prevented it from being brought into use.

It forms practically a third complete section of the works, being

provided with a full comj^lement of condensers, exhausters, &c. To

make up for the loss of ground intended for purifiers it became

evident that there was only one way out of the difficulty, and that

was upward. Accordingly a set of overhead purifiers has been

designed and erected, Plate 100. The structure is mainly of steel,

of which some 1,200 tons were used. The upper floor, which

is 150 feet by 120 feet, is reached by means of two hydraulic

elevators, and will afford storage for upwards of 2,000 tons of

lime when trimmed to a height of 3^^ feet. The lime is taken

up and slaked on the upper floor, and when properly prepared

is discharged through apertures in the floor by means of canvas

hose-pipes about 10 inches diameter. This method of distributing

lime has been used successfully for years past in Glasgow and

elsewhere. When it is necessary to change the purifying material,

that which is spent is discharged to the ground level through

apertures in the bottoms of the purifiers. This work has been carried

out in a highly efficient manner by the contractors, Messrs. Hanna,

Donald, and Wilson, of Paisley.

Pipes and Crossings.—In bringing up the establishment to its

present producing power, it will be readily understood that the

connections both over and under ground formed no small part of the

difficulties to be overcome. The pipes were becoming not only more

numerous, but larger also ; the former connections, of which the

largest did not exceed 12 inches diameter, had to be replaced by

eizes increasing from 18 up to 36 inches. The lines too had to cross
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freq^uently, necessitating great ]J(iepth of excavations and of mains,

and rendering the draining of the latter difficult. About 1865,

when a problem of special difficulty presented itself, the writer was

fortunate enough to hit upon a simple plan for accomplishing the

desired end. Fig. 3, Plate 101, shows in plan the position of the

scrubbers, and the method of their connection with the main. While

the inlet pipe is connected in the ordinary way to the scrubbers, it

will be observed that the outlets from the latter pass into a box of

square section. Fig. 4, which surrounds the inlet ; and it is from this

box that the main outlet issues.
J \
So useful did this method prove,

that advantage was soon taken of it in a modified form for the

crossing of existing mains, by constructing a crossing box in halves'

as shown in Plate 102, with flanges set at an angle from the

horizontal line, so as to afford room for the inlet and outlet sockets,

and for a drip outlet at bottom. The latest of these crossing boxes

have been fixed in the connections |^from the water-gas extension,

which have thereby been rendered comparatively simple.

Wnter-Gas.—All these extensions and schemings however would

have availed but little, had not an invention been fortunately met

with some four years ago, which is due to the ingenuity and ability

of American gas engineers. The making of water-gas, carburetted

with liquid hydrocarbons, was attempted as much as fifty years

a^o, but without success ; at that time the bulk of the hydrocarbons

never got beyond the vapour stage, and on cooling the gas they

promptly resumed the liquid form. Various processes were tried

without success ; and indeed with coal plentiful and cheap, and

labour moderate, there was no idea in this country of carburetted

water-gas as a possible competitor of coal gas. Different conditions

however prevailed in the United States, where coal was dear and

labour expensive, while crude oils and naphtha were to be had at

low rates. Naturally therefore the gas engineers turned their

attention to the manufacture of water-gas, and its enrichment by

means of petroleum distillates. Many of the earlier devices were

clumsy and unsatisfactory ; but the result of years of experimental

work was the modern Lowe system. Knowing that this system
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would at least produce a large quantity of gas on a small space, and

would furnish an outlet for coke instead of producing more, tte

writer four years ago consulted Messrs. Humphreys and Glasgow
;

and, the project being warmly supported by the then chairman of

the gas committee, Mr. C. C. Connor, an order was given them for

an apparatus equal to the production of 1^ million cubic feet

per day. This apparatus, shown in Plate 103, was set to work

at Christmas 1893, and has been in constant daily use from that

date. It is remarkable alike for its great simplicity, and for its

large efficiency. Gas-making can be stopped at any moment, and

resumed at a minute's notice ; and a set which has been lying off

for some days can be turned into full work in half an hour ; while

a set which has been so long out of work as to have become quite

cold can easily be set going in three to four hours. Into the first

vessel G, known as the generator, coke is piled to a working depth

of 6 to 7 feet, and being ignited is brought to a high temperature

by means of a powerful blast. The products, consisting of carbonic

oxide and carbonic acid in varying proportions, together with the

nitrogen of the air, pass into the second vessel C, known as the

carburetter. At the entrance to this vessel, secondary air is admitted,

which effects the partial or complete combustion, as may be desired,

of the carbonic oxide into carbonic acid. The resultant gases pass

on into the superheater S, at the entrance to which secondary air is

again available, in order that complete combustion of the carbonic

oxide may be effected here, if it has not already been accomplished

in the carbiiretter. The final products escape into the atmosphere

by means of the stack valve, which is left open. This portion

of the process is known as " blowing," and its object is to get up

the heat, firstly in the generator, so as to secure the breaking up of

the steam in the succeeding operation of gas-making or " running,"

and secondly in the carburetter and superheater, so as to eflect

the proper " cracking " or gasification of the oil. These two vessels

are filled with chequer work of fire-bricks so laid as to baffle the

gases in their progress ; the spaces left between the bricks are

about 2 inches wide. By the spent heat of the generator and the

combustion of the carbonic oxide this brickwork becomes heated
;
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and when the temperature reaches about 1.700^ Fahr. gas-making

or " running " may commence. For this purpose the blast is now

shut off, steam of about 100 lbs. pressure is tui-necl on into the

generator, and the stack valve is closed down. The steam

follows the same course as the blast, and in its passage through the

hot coke it gives up its oxygen to form carbonic oxide, whereby the

hydrogen is liberated ; and there is thus delivered into the

carburetter a gas consisting theoretically of equal volumes of

carbonic oxide and hydrogen, which has no illuminating value, but a

high heating power. On its entrance into the carburetter, a douche

of petroleum oil is sprayed upon hot iron bars placed over the brick

chequer work. This oil is preferably heated beforehand by being

passed through a delivery pipe which is carried through the main

outlet of hot gas. It is at once vaporized and picked up by the non-

illuminating water-gas ; and in its passage the mixture comes in

contact with the hot chequer work, whereby the complete "cracking"

or gasification of the oil is effected, which is the sole purpose of the

carbiu-etter and superheater. Passing through the main outlet,

which is sealed in water so as to prevent any return of the

gas, the carburetted water-gas is led on into the ordinary cooling

and purifying apparatus, to be there treated in the same way as

ordinary gas. The process of " running " is necessarily one of

cooling also ; and if it were continued too long, the coke in the

generator would become too cool to break up the steam, and the

surface of the brick chequer work would grow too cold to effect the

" cracking " of the oil. Therefore when gas-making has gone on for

about seven minutes, the steam is shut off, the stack valve opened,

and blowing is resumed for about four minutes, by which time the

normal heat in the three vessels is restored, and another spell of

" running " commences. After four " runs " have been made, the

generator requires replenishing with a supply of coke, which can be

fed in through the charging hole at top in about half a minute ;

and about once in every twelve hours it requires clinkering, a warm

and unpleasant operation, which however occupies only about a

quarter to half an hour.
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Advantages of Water-Gas.—In addition to the ease with which

water-gas apparatus can be put into or out of action, there are other

advantages arising from its use, among which may be specially-

mentioned the following.

Economy of Space.—The ground occupied by the water-gas

apparatus need not be more than one-eighth of that rec[uired for

retort houses cajiable of jjroducing an equal supply of coal gas ; and

the oil storage tanks occupy about one-fifteenth of the area which

would be required for an equivalent coal storage, assuming the coal

to be piled uj) to a height of fifteen feet.

Economy in Outlay.—The cost of water-gas apparatus would

hardly exceed one half of that required for coal-gas works, while

the charges for maintenance and repairs are comparatively trifling.

Ease in dealing icith raw material.—By means of steamers' pumj)S,

2,000 tons of oil can be pumped into the storage tanks in 36

hours, through two miles of 6-inch pipes. For gas-making this is

the equivalent of 20,000 tons of coal, which would be equal to

the cargoes of fifty ordinary steam-colliers. The labour involved

in transferring this quantity of coal into barges, carrying it to

the works, and distributing it in the retort houses and stores, will

be readily apj^reciated.

Effect on JResiduah.—The water-gas system gives control as

regards the production of coke, and also provides profitable use

for a portion of that which is made in the ordinary way. It is

possible indeed to arrange such a balance of the two systems as

would leave no coke for sale ; but it is not likely that such a

method of wo:* king would be wise or profitable.

Rapidity of Production.—The water-gas is made in immense

volume, and from hour to hour can be relied on to undergo but

trifling variation as to quantity or quality. When making gas

of 24 to 26 candle-power, each run of seven minutes produces

about 9,000 cubic feet ; so that one set of aj)paratus is capable

of yielding over 900,000 cubic feet in 24 hours. During the past

season one set has produced on several occasions a million cubic feet

in 24 hours.

2 p
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Labour Saving.—The economy in tliis respect is great. Each

operator will produce in an eight-hour shift upwards of 300,000

cubic feet of water-gas, whereas the make of coal gas rarely exceeds

18,000 cubic feet per man.

Cost of Gas Production.—At present it is difficult to estimate

what this would be to any concern depending on the day's market for

supply of oil. In comparison with such qualities of gas as could

otherwise be produced only by the use of cannel, there would

certainly be a marked economy. The cost of oil to the Belfast

Gas Works for the year ending 30th June 1895 was 2*214(?. per

gallon ; and at this rate a saving was effected in cost of production

of l^d. per 1,000 cubic feet over the whole make, both of water-gas

and of coal gas, the average production of water-gas being one-third

that of coal gas. The current year it is trusted will show still

better results; but as these would be obtained with oil purchased

under peculiarly favourable circumstances, the figures even if

available would be misleading. The writer however has not found

any reason to change the opinion expressed in his paper read to

the Incorporated Gas Institute in June 1894, that with oil at 2^d.

per gallon carburetted water-gas of 21 candle-power can be produced

for less money than 17 candle-power coal and cannel gas.

Extension of Water-Gas system.—Carburetted water-gas had been

in use in London for some years prior to its introduction into

Belfast ; but it seemed to be regarded there rather as a means of

meeting an emergency than as a regular factor in the daily make
;

and the stated cost of the water-gas was so high as to offer but

little inducement towards the adoption of the plan. Since the

experience in Belfast with the most modern apjiaratus has been

made known, water-gas has been taken up seriously in no fewer

than fifteen other cities and towns in the United Kingdom,

notwithstanding the sudden rise in price of oil ; doubtless but

for the latter the number would have been considerably increased.

In every place where the apparatus has been got into work it seems

to have given entire satisfaction.
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In Belfast, after eighteen montlis' working, it was decided to

supersede gradually one of the old retort-houses with water-gas

apparatus. At present one bench of retorts has been removed,

which was capable of producing 900,000 cubic feet per day; and

part only of the space thus acquired has been occupied by four sets

of water-gas apparatus, capable of turning out four million cubic feet

per day, or 4^ times as much as was produced by the retorts.

Growth of Gas Production.—Meanwhile the demand is still going

on apace. Fifteen years ago these gas works were pronounced

commercially dead, while yet the consumers have continued to

demand from them all the work and service expected only from a

flourishing vitality ; and a power of growth has been developed, not

usually manifested by a moribund concern. Measuring this growth

in millions of cubic feet per annum, the progress in decennial periods-

has been as follows :

—

Year ending June . . 1825 1835 1845 1855 1865 1875 1885 1895-

Millions of cubic feet . 10* 24 51 109

* Estimated.

248 418 718 1169

This growth is still continuing ; and notwithstanding prophetic-

warnings that the gas industry is already on the wane, the writer

ventures to maintain that it has not yet nearly reached its zenith,

and to predict that for many a long year the citizens of Belfast will

continue to regard with appreciative interest the familiar row of

chimneys along the Ormeau Eoad which pertain to the Corporation

Gas Works.

The President proposed a hearty vote of thanks to Mr. Stelfox

for his interesting Paper, dealing with a subject of so much practical

importance to all concerned with gas works.

2 p 2
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EXCURSIONS.*

On Tuesday Afteenoon, 28lli July, after luncheon in tLe

Exhibition Hall of the Botanic Gardens Park, visits -n-ere made to

the following Works, in cars provided by the kindness of the

Eeception Committee. Descriptions of mcst of these are given in

l)ages 431-457.

Messrs. David Allen and Sous, Priuliug and PuLlisLing Works, 18 to 24:

Corporation Street.

Annadale Brick "Works, Ormeau Koad.

Public Baths : Falls Koad ; Ormeau Avenue ; Templemore Avenue.

Belfast Ropework, Connswater.

Messrs. Cantrell and Cochrane, Aerated and Mineral Water Works, Cromac

Building, Victoria Square.

Messrs. Victor Coates and Co., Lagan Foundry and Engine Works, Eavenhill

Eoad.

Fire Brigade Station, Chichester Street.

Gas Works, Ormeau Koad.

Messrs. Harland and Wolff, Shij^building, Engine and Boiler Works, Queen's

Island.

Messrs. Inglis and Co., Machine Bakery, Eliza Street.

Messrs. McCaw, Stevenson, and Orr, Colour Printing and Publishing Works,

Castlereagh Eoad.

Messrs. W. A. Eoss and Sons, Mineral Water Works, 17 and 19 William Street

South.

Messrs. Marcus Ward and Co., Eoyal Ulster Printing, Publishing, and Stationery

Works, Dublin Eoad.

IVIessrs. Workman, Clark and Co., Engine and Boiler Works, South Yard,

Queen's Eoad ; Abercorn Engine Works ; and New Yard.

At 5 . 30 p.m. a special turn-out of the Fire Brigade was witnessed,

under the direction of Mr. G. W. Parker, Superintendent.

* The notices here given of the various Works &c. visited in connection

with the Meeting were kindly supplied for the information of the Members by

the respective proprietors or authorities.
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On Wednesday Afternoon, 29tli July, after limclieon in tlio

Exhibition Hall of the Botanic Gardens Park, visits were made to

the following Works, in cars provided by the kindness of the

Reception Committee. Descriptions of most of these are given in

pages 430-459.

Broadway Damask Works, Broadway.

Brookfiold Linen Co., Crumlin Koad Spinning Mill ; and Cambrai Street

Weaving Factory.

Messrs. Victor Coates and Co., Princes Dock Boiler Works.

Messrs. Combe, Barbour, and Combe, Falls Foundry, 5 to 15 North Howard

Street.

Messrs. Dunville and Co., Eoyal Irish Distilleries, Distillery Street, Grosvenor

Street, Falls Eoad.

Electric Light Station, Marquis Street.

Messrs. William Ewart and Son, Flax and Hemp Spinning Works, Crumlin

Koad Mills ; and 9 Bedford Street.

Messrs. Gunning and Campbells, Fine-Yarn Spinning Works, 4 North Howard

Street.

Messrs. Harland and Wolff, Shipbuilding, Engine and Boiler Works, Queen's

Island.

Mr. George Horner, Clouard Foundry, 138 Falls Eoad.

Main Drainage Outfall Works, Duncrue Street; and Keservoir and Pumping

Station.

Smithfield Flax Spinning and Weaving Works, 43 Smithfield.

Ulster Spinning Co., Falls Mills, North Howard Street, Falls Eoad.

Messrs. Marcus Ward and Co., EoyalUlster Printing, Publishing, and Stationery

Works, Dublin Eoad.

Messrs. Workman, Clark and Co., Shipbuilding Works, North Yard, Spencer

Basin.

Y'ork Street FJax Spinning Works, Y'ork Street.

In the evening the Institution Dinner was held in the Grand

Central Hotel, and was largely attended by the Members. The

President occupied the chair ; and the following Guests accepted

the invitations sent to them, though those marked with an asterisk
'''

were unavoidably prevented at the last from being present.

The Eight Honourable the Lord Mayor, Alderman W. J. Pirrie,

J.P. ; Sir James H. Haslett, M.P., J.P.* ; Sir WiUiam M'Cammond,

J.P., ex-Lord Mayor ; and Rev. Thomas Hamilton, D.D., President

of Queen's College.
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Reception Committee.—Mr. Walter H. Wilson, Chairman; Mr.

Bowman Malcolm and Mr. A. Basil Wilson, Honorary Secretaries.

Mr. Thomas Andrews, Chairman of the Belfast and County Down

Eailway ; Mr. Eobert Ardill ; Mr. James Barbour, J.P. ; Mr. John

D. Barbour, D.L., High Sheriff of County Antrim; Mr. Henry

Barcroft, D.L. ; Mr. E. B. Belfrage, Great Northern Eailway

;

Sir Samuel Black, Town Clerk; Mr. Josiah C. Bretland, City

Surveyor ; Mr. Francis F. Byrne ; Mr. Walter Chambers ; Mr. Victor

H. Coates ; Mr. Abram Combe ; Mr. George Combe *; Mr. Edward

J. Cotton,* General Manager, Belfast and Northern Counties

Eailway ; Mr. George P. Culverwell, Engineer, Belfast and County

Down Eailway ; Mr. W. A. Currie,* Secretary to the Belfast Harboiir

Commissioners ; Mr. Samuel C. Davidson ; Mr. Wakefield H. Dixon,

J.P. ; Mr. George Elliott ; Mr. John Erskine, J.P. ; Sir William Q.

Ewart, Bart., J.P. ; Mr. G. Herbert Ewart *
; Mr. W. D. Ferguson

;

Professor Maurice F. FitzGerald * ; Mr. George F. L. Giles,

Engineer to the Belfast Harbour Commissioners ; Mr. William E.

Gill,* Secretary, Belfast and Northern Counties Eailway ; Mr. John

H. Greenhill ; Mr. William Hardy ; Mr. Arthur T. Herdman *

;

Mr. Fritz L. Heyn ; Mr. John Horner ; Mr. Henry I. Johns, J.P.,

City Treasurer ; Mr. Wm. Eedfern Kelly,* Chief Assistant Engineer,

Belfast Harbour Commissioners ; Mr. Joseph Lewis ; Mr. E. Graham

Lindsay ; Mr. E. P. T. Logan ; Mr. James M'Connell * ; Mr. Victor

A. H. McCowen, Engineer, Central Electric Lighting Station

;

Mr. F. W. M'CuUough, Eesident Engineer, Belfast Water

Commissioners ; Mr. John H. Macllwaine * ; Mr. Alexander

MacLaine, J.P. ; Mr. Adam McMeekin ; Mr. Eobert Meyer, Chief

Clerk; Mr. Thomas L. Moore; Mr. James Munce, Assiiatant City

Surveyor ; Mr. James Musgrave, D.L., Chaii-man of the Belfast

Harbour Commissioners ; Mr. J. W. Philp, Goods Manager, Great

Northern Eailway ; Mr. James Pinion,* General Manager, Belfast

and County Down Eailway ; Mr. John B. Pirrie ; Mr. W. J. Pratten

Captain W. B. Eitchie, J.P. ; Mr. J. J. Shillington, J.P.

Mr. James Stelfox, Engineer and Manager, Corporation Gas Works

Mr. Frederick P. Wallau ; Mr. Francis D. Ward, J.P. : and

Mr. Frank Workman.*
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Mr. E. C. r. Annett,* Honorary Secretary of tlie Liverpool

Engineering Society; Mr. S. B. Cottrell, President-Elect of the

Liverpool Engineering Society ; Mr. C. H. Darbishire, J.P.

;

Mr. Patrick Delany, Postmaster ; Mi-. George Farren, J.P., Vice-

President of the Liverpool Engineering Society ; Alderman James

Henderson, J.P. ; Mr. John W. Hole, E.N., Staff Engineer, H.M.S.

"Hannibal"; Mr. Hector MacColl*; Mr. Thomas Macknight

;

Mr. Arthur J. Maginnis, President of the Liverpool Engineering

Society ; Mr. John Neilson ; Mr. G. W. Parker, Superintendent

of the Eire Brigade ; Mr. Henry Plews, General Manager,

Great Northern Eailway ; Mr. Edward T. Seddall, Assistant

Commissioner of the Eoyal Irish Constabulary ; Mr. Thomas

E. Singleton, J.P.,* Commissioner of the Eoyal Irish Constabulary

;

Mr. Carl Van der Smissen, Superintendent Engineer of the Hamburg-

American line; Mr. P. Smith, Superintendent Engineer of the

Peninsular and Oriental Steam Navigation Co. ; and Mr. Henry H.

West, Past-President of the Liverpool Engineering Society.

The President was suj)ported by the following Officers of the

Institution :

—

Past-Presidents, Sir Edward H. Carbutt, Bart.,

Mr. Charles Cochrane, and Mr. Jeremiah Head ; Vice-Presidents,

Mr. William H. Maw, Mr. Edward P. Martin, and Mr. J. Hartley

Wicksteed ; Members of Council, Mr. John A. F. Aspinall, Mr. Henry

Davey, Mr. Bryan Donkin, Mr. Thomas Mudd, Mr. James Piatt,*

Mr. T. Hurry Eiches, and Mr. A. Tannett Walker.

After the usual loyal toasts, the President, in proposing the toast

of " The Lord Lieutenant and prosperity to Ireland," regretted that

His Excellency was not able to honour them with his presence,

being detained in England at this time. In the efforts which he

was sure the Lord Lieutenant was making to further the welfare of

the whole of Ireland, it was certain he would be cordially supported

throughout the rest of the United Kingdom. Although this was his

own first visit to the Emerald Isle, he could already appreciate what

he had been told of its beauties ; and he was confident that, when

these were more fully known by the English people, they would
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(The President.)

come here, instead of going to Switzerland and other countries. In

this way, their own enjoyment would be contributing at the same

time to the prosperity of this beautiful island.

The toast of " The City and Trade of Belfast," the PREsroENT

said, gave him the opportunity of expressing his admiration for the

Lord Mayor, and of conveying to him the grateful acknowledgments

of the Members of the Institution for the way in which his Lordship,

himself a Member of the Institution, had welcomed them to Belfast.

During the past ten years the growth of the city, he was informed,

had been very rapid indeed, probably more so than of any town in

Great Britain with the exception of Cardiff; the population of

BeKast was now neurly 300,000. The city enjoyed the advantage of

not being dependent upon any one trade alone, but of comprising a

great many industries, so that the vicissitudes of one or two did not

affect too largely the prosperity of the whole. In the shipbuilding

trade he believed the establishment of Messrs. Harland and Wolff

was not surpassed in extent by even the most enterprising of those

on the Clyde. From the extensive flax and linen mills enormous

quantities of linen were sent to all the large manufactui'ing towns in

England, apart from what went to the colouies and foreign countries.

The tobacco manufacture, the distilleries of Irish whisky, and the

manufacture of aerated waters were all conducted on a large scale.

Lithography occupied a prominent position ; nowhere else were

illustrated posters produced of larger size. The rope manufacture

gave employment to the wives and daughters of the workmen

engaged in the shipbuilding and other works. These and other

industries all conduced to the jirosperity of Belfast; and he was

sure that this, the toast of the evening, would be drunk mth
enthusiasm, in association with the name of the Eight Honourable

the Lord Mayor.

The Lord Mayor in responding said the position occupied by

the city of Belfast, and the maintenance and development of the

trade and commerce of the jwrt, were naturally matters of the

greatest interest and importance to himself and to the rest of the
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corporation and to tlie citizens at large. The expression therefore of

the good wishes of those joining in the toast was highly gratifying

to him, and would be appreciated by all who had an interest in the

continued prosperity of the city. The rapid rise and extension of

the city, which had been alluded to by the President, had well

earned for it the title of " the commercial capital of Ireland." From

a small insignificant town of only about 20,000 inhabitants at the

beginning of this century, Belfast had increased with such rapidity,

and its trade had assumed such large proportions, that it now came

next to Liverpool in the amount of its contribution to the inland

revenue of the country ; in this respect therefore it ranked as the

third city in the kingdom. As an industrial centre, its history and

its present position he thought were in many respects unique. It

had risen more rapidly he believed than any other to^-n or city in

the United Kingdom ; and for many years past it had enjoyed

almost unbroken prosperity. So rapid had been its growth that the

extended boimdaries defined in 1853 had' long been overrun, and

with the further extension arranged this year the city would now

cover more than 16,000 acres, or nearly three times its area hitherto.

From about 20,000 at the beginning of this century, the population

had risen in 1831 to 48,000; in 1861 to 120,000; in 1891 to

256,000. Thus thrice in periods of thirty years had it more than

doubled itself; while at the present time it was almost 300,000, and

would be still greater when the extended boundaries came into force.

Of the important industries which had been developed in Belfast

and which had been the chief factors in the unprecedented municipal

and commercial success of the city, the oldest and undoubtedly the

chief was the linen trade. Originally the only important trade of

the locality, it now gave employment to some 80,000 persons, of

whom probably rather more than 60,000 were women. Xext to the

linen trade came the industry with which he had himself been all

his life connected, namely shipbuilding and engineering. Though

only established here in 1859, so successfully had it been carried on

that the t^-o shipbuilding yards and their engineering shops, together

with the general engineering establishments and foundries—such as

those of Messrs. Victor Coates and Co., and of Messrs. Combe, Barbour,
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and Combe—now emj)loyecl altogether some 20,000 men. These

important industries—the linen trade and shipbuilding and

engineering—constituted the mainstay of the trade of Belfast ; and

fortunately for the stability of the city, as these had grown in

importance, other industries also had gradually been started. Some

of them might naturally be considered adjuncts of the principal

trades, and were in some instances started by those engaged in

one or other of these trades. Others however were of an entirely

different character, and had been started to meet the increasing

demands of the growing population. These included extensive

rope-works, large mineral-water manufactories, distilleries, and

tobacco factories ; of the last, Messrs. Gallaher and Co.'s tobacco

factory he believed was now the largest in the world. Among many

other important establishments were those for printing, bookbinding,

wholesale stationery, and lithography, several of them carrying on

an extensive business and employing a large number of persons.

Shipping too was a highly important feature in connection with the

trade of the port. In addition to the splendid steamers employed in

the regular cross-channel service between Belfast and various

Scottish, English, Welsh, and continental ports, there were many

vessels registered in Belfast trading to all parts of the world. The

finest timber and other products of the West, as well as the

merchandise of the East, were imported into the commercial

metropolis of Ireland ; and its export trade was equally world-wide.

Its linen goods were sent to the most distant parts of the empire
;

special kinds of machinery here made were finding markets in the

colonies and in foreign countries ; and steamers here constructed

were carrying British commerce over every sea, while many of them

were engaged in the most important passenger lines in the Atlantic,

the Pacific, and the East. These facts would afford some indication

of the growth and present position of the city and trade of Belfast.

Of its rise and progress all its citizens were rightly proud ; and he

believed the achievements of the past, the continuous development of

their trade in all directions, and its present almost unexampled

activity, justified a hopeful view with regard to the future. If the

present position of his own firm—3Iessrs. Harland and Wolff

—
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might be taken as an index of the state of things generally in Belfast,

the prosiiect was certainly hopeful indeed. Already this year they

had launched vessels aggregating nearly 40,000 tons, and had been

expecting within the year to surpass all previous performances by

launching something like 90,000 tons. How far this expectation

would be affected by the unfortunate reverse they had just suffered

from the disastrous fire of Sunday night, he could not yet say. He

highly ai)preciated the friendly sympathy which had been so

readily expressed both to himself personally and also to his firm, in

connection with this disaster ; and he only hoped that in spite of

such a drawback they might even yet see their way to launching that

amount of tonnage, which would probably form about one-tenth of

the total tonnage that would be launched during the year in the

United Kingdom. According to Lloyd's returns there were seven

ships of over 8,000 tons under construction in the United Kingdom

at the end of last month ; and no less than six of these were being

built by Messrs. Harland and Wolff, one of the six being over

11,000 tons. This he thought might be taken as an illustration of

the present state of trade generally in Belfast. Without going

into further statistics, he considered the history of the past and

their present attainments were the most convincing arguments

as to the soundness of their commercial methods ; and that the

enterprise and activity which would be observed on all sides in

the city were an earnest of future success, and furnished the best

reasons for the belief so firmly entertained, at least by himself, that

greater developments would yet be witnessed, and that the magnitude

of their trade, the extent of their commerce, and the prosperity of all

their industries, would astonish even the most sanguine. The

foresight and enlightened policy which had characterised in the past

the actions of the public bodies of the city constituted, as all Avould

agree, a most important element of its welfare ; and those bodies he

was confident would prove themselves equally alive in the future to

the necessity of moving with the times, and anticipating the

requirements of the various trading interests in the community. As

Lord Mayor of Belfast he was glad to regard the fact of the summer

meeting of the Institution of Mechanical Engineers being held
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here as a gratifying acknowledgment of the growing fame and

importance of the city and trade of Belfast.

Mr. J. Hartley TVicksteed, Vice-President, in proposing tho

toast of " The Queen's College," said the Members of the Institution

appreciated highly the position and the beauty of the College, and

the admirable accommodation it had afforded them for the present

Meeting. That stately edifice, with the noble facade of its great

western front, its varying lines of muUioned and traceried windows,

its projecting oriels and subdued buttresses, and its fine gothic

entrance surmounted by the lofty central tower with battlements and

pinnacles, had rightly been pronounced by Macaulay to be worthy

to stand in the High Street of Oxford ; and the Examination Hall, in

which their Meeting had been held, was one of the noblest college

halls to be found anywhere. In the grounds surrounding the College

he was pleased to see that there was now being erected for the

Students' Union a new building, the cost of which he understood was

defrayed by volimtary contributions, and not by State funds. This

welcome illustration of the public spirit and liberality of the citizens

of Belfast he hoped would be the beginning of yet further progress,

in such a direction, for instance, as the building of a residential hall

wherein the students might congregate and reside, whereby that

collegiate spirit might be engendered, for which the colleges in

Oxford and Cambridge and other universities were so celebrated.

It had been one of the great pleasures of this visit to make the

acf|uaintance of the President of the College, Eev. Dr. Hamilton,

and of the Professor of Engineering, Professor Maurice F. FitzGerald.

Glancing at random at the history of the College from its opening in

1849, he found it had produced such men as Sir William MacCormac,

and Sir Eobert Hart, Bart., of Peking, Inspector General of the

Imperial Maritime Customs of China, and some of those most eminent

in the professions, in the arts, in literature, in the church, at the bar,

in the diplomatic service, and in the army. The College had also

trained distinguished men who held leading positions in industrial

life. In order to carry out more effectually in the future this last

branch of its work, some change would be necessary ; and he hoped
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that the Queen's College, which in England was looked upon as the

University of Belfast, would develop somewhat with the times on its

mechanical engineering side. In the late Dr. James Thomson, the

brother of Lord Kelvin, the College had possessed a teacher who had

achieved distinction as a professor of engineering both here and

afterwards in Glasgow University, and had also himself been a

distinguished inventor.

Eev. Thomas Hamilton, D.D., President of Queen's College, said

it had been a sincere pleasure to himself and to all the authorities

of the College to be able to offer hospitality to so distinguished

a body as the Institution of Mechanical Engineers, whose first two

Presidents had been George and Eobert Stephenson, and among

whose present Members were such prominent citizens of Belfast

as the Lord Mayor, and Mr. Walter H. Wilson, and others whose

names were found on the list of the Eeception Committee. The

visit of the Institution however had in his own mind been associated

with two regrets. The first was that the Queen's College was not

a university, and that it was therefore destitute of the power

of conferring any kind of academic distinction on the President

and other Members of the Institution. Had they that power, as

it was possible that some day they might have, he knew of no

duty which would have been more welcome than that of conferring

such a degree as that of Doctor of Science upon them. The

other regret was that Queen's College had at present no chair of

Mechanical Engineering. One reason no doubt was that, when

the College was founded fifty years ago, in no college in the

United Kingdom was there such a chair ; and since that date,

the experience of Queen's College had at various times confirmed

the truth of the saying that the heart of the British Treasury

was hard. If such a chair were ever to be established, the. means

he thought must be looked for, not from the State, but from the

source already alluded to by the proposer of the toast, namely

the wealth and public spirit of the citizens of Belfast. The late

Sir Edward Harland, Bart., who took the deepest interest in the

College, had often expressed his regret that they had not there the
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means of teaching in a more adequate manner tlie important subject

of meclianical engineering. So deeply too had this great want been

folt by the present professor of engineering, Professor FitzGerald,

that at one time he had even proposed to be at the cost himself of

providing such apparatus as would enable him in some degree to

supply the place of such a chair. "When next therefore the Institution

visited Belfast, which he trusted would be soon, he hoped the

two wants he had drawn attention to would be supplied : that the

College as a university would be able to j^erform such graceful duties

as he had alluded to ; and that they should have at their disposal

the means of teaching in an adequate manner the great subject, for

the promotion of which the Institution of Mechanical Engineers

existed. But while not possessing these advantages. Queen's College

had nevertheless been able to make her mark in the direction of

mechanical engineering. A notable instance was that referred to

by Mr. Wicksteed, of the late Professor James Thomson, whose

fame, he imagined, had perhaps been unduly overshadowed by the

greater reputation of his distinguished brother. Lord Kelvin. But a

number of his inventions and works, embodying the results of long

experimental research, were of the utmost value, and rendered him

worthy, in the ojjinion of eminent authorities, to stand side by side

with that illustrious peer. Queen's College had trained the lately

appointed professor of mechanics in the Eoyal College of Science,

London—Professor John Perry ; and all over the world her alumni

were to be found, occupying prominent positions on railways and in

other great engineering enterprises. The College, he was happy to

say, was in a state of vigorous health. Fifty years ago she had only

ninety matriculated students ; last session there were four hundred.

Half a centuiy ago she was a poor college, and had yet to make her

way in the world ; since then she had given to Ireland and to the

world men like Sir Eobert Hart, Bart., G.C.M.G., Sir David Millar

Barbour, K.C.S.I., late Finance Minister of India, and Sir William

MacCormac, M.D. ; while to the church, to medicine, to the bar,

and to the manifold departments of commercial life, she had furnished

hundreds of able men, who in their various professions and businesses

maintained the honour of their Alma Mater, and were rendering
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noble service to their country. It had been his fortune to be at

the head of the College for only seven years ; but during that

comparatively short period he had seen sufficient to convince him of

the great possibilities that lay here. As the years rolled by he

hoped and believed it would be found to be fulfilling more and

more the great pui-poses contemj)lated in its establishment by the

State ; and to be more and more deserving of the eulogium passed

upon it a few years ago by a distinguished Irishman, not an Ulsterman,

when he described Queen's College, Belfast, as the greatest glory

and pride of the northern province.

Mr. Thomas Mudd, Member of Council, in proposing the toast of

" The Belfast Harbour Commissioners," said that, as a comparative

stranger to the city of Belfast, he could not speak much from his

own knowledge regarding the details of the works carried out by the

Harbour Board ; but it was apparent to any one paying a visit to the

harbour and docks that a vast amount of energy and skill had been

expended in carrying out these extensive works, and that the commerce

of the port of Belfast owed much to the fostering care displayed in

the enlightened and advanced policy pursued by the Harbour

Commissioners. Not only had enormous works been completed in

the way of providing dock and quay accommodation, but one of the

largest and most important undertakings carried out by the Board,

and one fraught with the greatest possible benefit to navigation, had

been the straightening of the channel, which he understood had been

initiated, like so many other works in Belfast, by the late Sir Edward

Harland, Bart. Apart from the conspicuous ability with which the

Harbour Board had improved the port of Belfast, there was also

another reason why the toast should be heartily received, namely

because they had done so much to help in making the visit of the

Institution a pleasant and a successful one, by arranging steamers for

enabling the Members conveniently to insj)ect the harbour, and by

their kind hospitality in other ways.

Mr. James Musgrave, D.L., Chairman of the Harbour Trust,

said that, while the present Commissioners, like their predecessors in
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the Trust, had been able with the help of the engineering profession

to overcome obstacles which without that aid would have been

insurmountable, they looked forwards with confidence to being

provided from time to time by the Members of this Institution with

such improvements in mechanical appliances as should enable them

to maintain and extend the accommodation of their harbour, and

to keep pace with its increasing trade. Tomorrow they would have

the pleasure of showing the ^Members through the upper reaches of

the harbour, which he had no doubt would present many points of

interest, because, unlike some famous harbours which were almost

perfect as formed by nature, this might be styled a self-made

harbour. "Within the period of modern history Belfast had been

little more than a village, incapable of approach by sea except by

small craft. Close to the Queen's Bridge, where great steamers

were now berthed, there had been a shallow ford across the river

Lagan, and the seaport of the district had been at Carrickfergus.

Since those days, by gradual and judicious engineering works,

extending over many years, and paid for by money in great part

borrowed from those who had been enriched by the commerce the

harbour had created, the condition had at length been arrived at

that vessels drawing sixteen feet of water could approach or leave

the quays at any hour ; and at high tide transatlantic steamers up to

twenty-five feet draught could steam directly into a dock, where

they could lie in water twenty-six feet deep at low tide without the

necessity of dock gates. Such was a brief outline of the physical

results accomplished by engineering skill, assisted by powerful

mechanical appliances. The social results had been equally

striking. Side by side with the harboui", there had grown up a

great commercial city, in which every Belfastman took an honest

pride. Owin^to an important meeting of the Harbour Commissioners

taking place yesterday, they regretted that they had been prevented

from accompanying the Lord Mayor, who was himself a member of

their Board, in receiving and welcoming the Institution at the

opening of the proceedings yesterday morning.
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Mr. JoHK A. F. AspiNALL, Member of Council, in proposing the

toast of " The Irish Eailways," alluded to the hospitality which had

been extended to the Institution by the leading lines, particularly

by the three running from Belfast, by whom the Members had been

invited to avail themselves of the special free trains for the Excursions

in connection with the present Meeting. Having been formerly

connected for about ten. years with the Great Southern and Western

Eailway, he felt special gratification in proj)osing the toast of

prosperity to the Irish railways, which did such good work, and

whose directors were making such strenuous efforts for attracting the

tourist traffic to the charming scenery in the different parts of the

country through which their lines ran. Naturally the Institution

could not help feeling a great interest in the so-called light railways,

which, originally planned by the government, had been materially

strengthened and improved by the money spent upon them by the

main railways themselves, and which were intended not only for the

purpose of opening up many of the beautiful districts hitherto

almost inaccessible, but also for enabling the fishing industry of the

Irish coast towns to be brought into communication with the great

markets of England. Whether these light railways were connected

with the northern lines of Ireland, or ran from Galway to Clifden,

or from Killorglin to Cahirciveen, the Institution would heartily

wish that the enterprise of the main railways which were working

them should meet with the success it deserved. Whenever coming

to Ireland he always felt that the main lines had here an advantage

over the English railways in respect of their gauge. There was no

doubt that the extra 6^ inches width of the Irish 5 ft. 3 ins. gauge

was valuable to locomotive engineers, who found that the width

available with the 4 ft. 8^ ins. gauge was far too narrow for the

convenient accommodation of all the machinery required in the

present locomotives.

Mr. Thomas Andrews, Chairman of the Belfast and County

Down Eailway, believed the explanation of the cordial reception of

this toast was that it had been proposed by an Englishman ; no

Irishman could have dared to venture on so dangerous a subject.

2 Q
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For most of tliose present must have heard that an Irishman had

occasionally a grievance ; and whenever the long list of Irish

grievances was recited, it always began with the railways ; and it

always ended as it began. Some of the trains were slow, and stopped

at every station : a most intolerable grievance, which a true Irishman

would stand no longer. Other trains were fast ; but then they had

the audacity to pass the complainant's station without stopping, and

thereby led him to indulge in threats against the directors if they

did not mend their management. What was the use of a body of

mechanical engineers, if they could not make fast trains stoj) at every

station for the convenience of his countrymen ? Without regarding

Irish railways as models of good management, or British railways

either, he believed they were quite as well managed as any other

large business in this country. Taken as a whole, they were

giving a moderate return to their shareholders ; and he considered

those who occasionally tried to persuade the inhabitants of this

distressful island that they might look for a mitigation of their

many and serious difficulties in a general reduction of railway rates

were simply raising hopes which were doomed to disappointment, in

the near future at any rate. That here and there exorbitant rates

did exist, which required revision, he did not deny. There were

only tlu'ee sources that he knew of, from which a reduction of rates

• could come : either from a reduction of working expenses through

•better management, or from an increase of receipts through larger

traffic, or from a reduction of dividends. Believing that the railways

were not badly managed, he considered the working expenses were

more likely to increase than to diminish. Greater receipts through

larger traffic would not be drawn from a diminishing' poprlation of

four and a half millions, until great changes took place. And a

reduction of rates to the extent of only one-sixth would wipe away

almost, if not altogether, the dividend upon the ordinary shares,

and would render this property practically valueless, A reduction

of rates he admitted was possible through purchase of the railways

by the State ; but other difficulties then arose, which he should not

enter upon tonight. On the Belfast and County Down Eailway he

maintained that all the goods were carried out of and into that
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county wliicli were to be liad ; tlie excursion fares were low enough

to please tlie most exacting, and no reasonable reduction would

induce business men to travel more frequently tban tbey did already.

No one however would welcome the day when a reduction of

rates should become possible more than he should. Of late years

the County Down Eailway had not been unsuccessful. Last

February had witnessed the jubilee of its opening. For the first

twenty-seven years of its history the dividend on the ordinary shares

had averaged less than one per cent. ; for the last eleven half-

years it had continuously been six and a half per cent. Where then

was the relief to come from, which was so sorely needed for the

agriculture and the industries of this land ? The answer he hoped

would be found in the unanimous and most able report of the Recess

Committee, whose members had the confidence of their countrymen,

and had been holding a lengthened session in Dublin, in touch with

a consultative committee in Belfast. They had sent the best men

they could obtain to make exhaustive investigations on the continent

;

and their report would show how successive governments had

hitherto failed in their duty to the agriculture and industries of the

United Kingdom, and that, unless we now took a lesson from foreign

countries, and fostered our agricultural and manufacturing resources

by the same methods which had been so successfully practised on the

continent for many years, we should be utterly distanced in the race.

So far as railway enterprise was concerned, he need scarcely say how

much it owed everywhere to the labours of mechanical engineers.

The toast of " The Reception Committee and the Honorary

Secretaries," proposed by Mr. William H. Maw, Vice-President, was

acknowledged by Mr. Walter H. Wilson, Chairman of the

Committee, and Mr. Bowman Malcolm and Mr. A. Basil Wilson,

Honorary Secretaries.

Mr. John D. Barbour, D.L., High Sheriff of County Antrim, in

proposing the toast of " The Institution of Mechanical Engineers,"

recalled the incalculable benefits conferred upon humanity by the

profession of which the Institution was the representative. The

2 Q 2
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presidential chair had been occupied by many celebrated men, •whose

names were associated with inventions and researches of the highest

value to mankind ; and in the art of providing mechanical engineers

throughout the world with the iron and steel required for the

realisation of their conceptions, probably no one had done more

than the present distinguished President of the Institution.

The President in responding was glad to say the Institution

was in a flourishing condition, continuing to increase in numbers by

the election of new members, whose qualifications for admission

were carefully scrutinised by the Council. The new house intended

to be built in St. James' Park had been thus far delayed by a recent

strike in the building trade, and by other hindrances ; and he hoped

a start would soon be made, and that a year or two would see the

realisation of their wishes. The present Meeting he need scarcely

say had been one of the most successful and enjoyable Summer

Meetings ever held by the Institution, thanks to the attractive

arrangements matured for them by their local friends, and to the

warmth of the reception accorded them in Belfast.

Sir Edward H. Carbutt, Bart.. Past-President, in proposing

" The Press," said he had a pleasant recollection that fifty-two years

ago his father had been invited to come to Belfast to contest one of

the seats in parliament. It was thirty-five years since he himself

had first visited the city, and he had repeatedly done so since ; and

one of his most valued friendships here had been with the late Sir

Edward Harland, Bart., whose loss was so deeply regretted by all who

had known him. The Press had done much to elevate and enlighten

the country; and its technical branch in particular had rendered

valuable assistance to engineers. The Irish press was deserving of

compliment upon its enterprise, and upon the variety and wide

extent of the views it gave, which were of benefit to all classes, and

to the commercial community especially. One of the gentlemen

who would respond to the toast had recently written a book entitled

" Ulster as it is," which he understood was a valuable contribution

to the history of this important province.
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Mr. James Henderson, managing proprietor of tlie Belfast News-

Letter, thouglit the eulogy bestowed upon the Press by the proposer of

the toast was well merited ; and for their part journalists naturally

felt themselves much indebted to mechanical engineers for the great

progress made during recent years in the collection and diffusion of

information. One important matter was the manufacture of paper,

which he was glad to say was now being made close to Belfast, and

in such quantities as to supply England and Scotland as well.

With the printing press mechanical engineers had had more to do

than any one else, from the old band press, with which he could

well remember the great difficulties accompanying so slow and

tedious a process, to the modern rotary machine throwing off

something like 40,000 copies an hour with the assistance of only

three or four attendants. Stereotyping too was another important

benefit received from mechanical engineering ; but the greatest

improvement of all in recent years he thought was the linotype

machine, of which he had now a number in use in his establishment,

and he should be pleased to show them in operation to any of the

members of the Institution who would like to see them at work.

This he regarded as one of the most wonderful inventions in the

printing trade during the present century.

Mr. Thomas Macknight, editor of the Northern Whig, recalled

the saying of Charles James Fox, that every people sooner or later

had the government which they deserved ; and he believed it was

equally true that every people had the Press they deserved. The
press of Ulster gave a fair representation of Ulster jiublic opinion,

which was all that could be reasonably expected. The President's

remark that this was his first visit to Ireland served to illustrate

what seemed to him to be one of the greatest difficulties under which

the Emerald Isle laboured. People in England and Scotland seemed

to think Ireland was so far off, and that it was so difficult to come

here; and he was therefore glad now to see one association after

another coming over, and to record that all who did so spoke in the

highest terms of the province of Ulster and of the people of Belfast.

Though not born in Ireland, from a pretty long experience of the
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country he could say of tlie people that the more they were known

the more highly would they be respected, and the more truly would

the nobility of their independence and self-reliance be appreciated.

In regard to his book on Ulster, to which the proposer of the toast

had so kindly alluded, he had had the gratification of hearing from

the publishers that seldom had they known any book dealing with

controversial subjects which had been better received by the

newspapers of all shades of public opinion, whether in England,

Scotland, or Ireland. This he regarded, not as a compliment to

himself, but as a high''compliment to the independence and impartiality

of the Press.

On Thursday, 30th July, a visit was made to the Belfast Harbour

Works (pages 422-429). Assembling at the Harbour Office,

Corporation Square, the Members were conducted over the Harbour

Works by Mr. James Musgrave, D.L.. Chairman, Mr. W. A. Currie,

Secretary and General Superintendent, Mr. George F. L. Giles,

Engineer, and Mr. W. Eedfern Kelly, Chief Assistant Engineer.

The Clarendon Dock with Nos. 1 and 2 graving docks, and the new

branch dock, were first visited ; and thence, by means of the harbour

tug " Lion " and a launch, the new Alexandra Graving Dock, and

the Abercorn Basin, alongside the works of Messrs. Harland and

Wolff. Eeturning from the Harbour, the Members were invited to

luncheon by the Commissioners in the new banqueting hall of the

Harbour Office.

In the afternoon an Excursion was made to Larne by special free

steamer " Princess May," by invitation of the Larne and Stranraer

Steamship Joint Committee, passing under the Gobbins cliffs.

Afternoon tea was provided on board by the kindness of the Kect ption

Committee.
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On arrival at Larne Harbour tlie Alumina Works of the British

Aluminium Co. were visited under the guidance of Mr. James

Sutherland, Manager (pages 380-389). The return to Belfast was

by special free train, by invitation of the Directors of the Belfast

and Northern Counties Eailway.

In the evening the Members were invited by the Eight Honourable

the Lord Mayor, Alderman W. J. Pirrie, J.P., and the Lady Mayoress,

to a Conversazione in the Free Library and Art Galleries.

On Feidat, 31st July, three alternative Excursions were made.

By special free train to Portrush, by invitation of the Directors

of the Belfast and Northern Counties Eailway. Thence the Members

proceeded on cars to visit Dunluce Castle and the Giant's Causeway.

By special free train to Parkmore, via Ballymena, by invitation

of the Directors of the Belfast and Northern Counties Eailway.

Thence brakes were taken to visit Glenariff Glen, near Cushendall.

By special free train to Warrenpoint, by invitation of the

Directors of the Great Northern Eailway. There the Members

embarked on the new excursion steamer " Pioneer," fitted with large-

blade twin screw-propellers partially submerged, for a cruise in

Carlingford Lough, by invitation of Mr. Henry Barcroft, D.L., and

friends. After luncheon at Eostrevor, special coaches were taken

for a drive round the coast at the foot of the Mourne Mountains to

Newcastle. Thence the return to Belfast was by special free train,

by invitation of the Directors of the Belfast and County Down.

Eailway.
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BELFAST HARBOUR.

The following description was kindly prepared by Mr. George

F. L. Giles, Engineer to the Harbour Commissioners, for the

guidance of the Members in visiting the Harbour Works on

Thursday, 30th July. It is illustrated by the plans shown in

Plates 104 and 105.

Starting from the Queen's bridge, which forms the southern

limit of the harbour proper, and passing along the Donegall quay

on its western side, which with the Princes quay extends for a

length of 3,125 feet or 0*59 mile, some idea will be gained of the

vast extent of the cross-channel trade to Belfast, as evidenced by

the huge piles of merchandise which pack almost to the roof the

lofty shed built along the whole length of these two quays.

Donegall quay was re-constructed in timber work in or about 1847,

and was rebuilt in concrete with granite ashlar face-work by the

Harbour Commissioners between 1879 and 1886, from the designs

and under the supervision of Mr. T. E. Salmoud ; the substructure

consists of concrete between closely driven sheeting piles, and the

superstructure of rubble masonry faced with granite ashlar ; the

total cost, including sheds, tramways &c., was £124,745, or £39 12*.

per lineal foot.

Clarendon Doch.—Separating the Donegall and Princes quays

is the entrance to the Clarendon dock, which is spanned by a

double-road swing-bridge, built in 1882 at a cost of £17,000 ; the

bridge itself cost £4,500, and its foundations £12,500. The dock,

which lies at the back or westward of the two quays, has an area of

4 acres. It was built between 1847 and 1850, and is now principally

used for small coasting vessels, the depth of water being limited to

about 10 feet at low water, which however at the time the dock was

constructed was amply sufficient for the class of vessels then using the

port. Leading out of the west side of the dock are two small dry

docks, one of which was constructed in 1800 and the other in 1826
;

they are now somewhat out of date, but are still extensively used by
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small vessels. In the immediate vicinity are situated tlie harbour

workshops and stores, which include fitters', smiths', and carpenters'

shops, as well as a slipway for the repair of barges &c. On the

Princes quay to the northward of the goods sheds is situated a fixed

crane, having a lifting capacity of 25 tons. It was erected in 1883,

and is capable of being worked either by steam or manual power at

a radius of 36 feet.

Princes Dock, and new Branch Doclc.—A little further to the

north lies the old Princes dock of 3£ acres, formerly called Dunbar's

dock, which was purchased in 1848, and is the oldest dock in

existence in Belfast. The entrance to it has lately been closed,

in order to allow of an extension of Princes quay; and the dock

is now being connected northwards with the Spencer basin through

the new Branch dock. The Princes quay is executed in concrete

work, like Donegall quay, and is 850 feet long ; including sheds &c.

it cost £84,762, or about £40 19s. per lineal foot. A 25-ton crane

was erected on it in 1888, costing £1,692. The Branch dock was

commenced in 1889, and was intended mainly for the transatlantic

trade. It is constructed of rubble masonry faced with granite ashlar
;

the excavations and dock walls alone cost £68,898. It has a depth

of water of 26 feet at low water, which is sufficient to allow any

vessel likely to visit this port for some years hence to lie afloat at

dead low water ; and when completed with its extension at present

in process of construction the water area of the dock will be

about 10 acres altogether. On either side of the new Branch

dock are large and commodious goods sheds, which are at the

present moment being supplemented by others of similar design.

Spencer Basin.—The Branch dock communicates with the Spencer

basin, which has a depth of water of about 15 feet at low water, and

is principally used by vessels in the timber trade. The basin is

7 acres in extent, and was built between 1864 and 1871 by

Mr. Lizars, the then engineer to the Belfast Harbour Commissioners.

Both this and the Dufferin dock opening out of it are of rubble work

faced with random rubble, and together cost about £155,000.
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Dufferin DocJc.—The Duflferin dock of 3^ acres area is a floating

basin with 25 feet cleptli of -water, whicli is used largely by tbe timber

and grain trades. It was opened in 1871.

Mileicater Basin.— Following the course of the river northwards,

and extending for a length of 2,090 feet beyond the DoDegall and

Princes quays, of which it is in fact an extension, runs the Albert

quay, built of timber between 1872 and 1875 at a cost of £49,500,

or about £24 14s. per lineal foot. It is principally used for coal and

iron ore, and large quantities of coal are stored along tbe back of

the quay. Beyond the entrance to the Spencer basin at the north

end of the Albert quay is situated the Milewater basin of about

3 acres area, which was formed about 1871 and provided with timber

quays in 1885 and 1893. It is princiimlly used as a fitting-out

basin for the vessels built in the ship-yard of Messrs. Workman,

Clark and Co., part of which adjoins the basin on the north side.

Victoria Channel.—Beyond Messrs. Workman, Clark and Co.'s

ship-yard the harbour proper terminates northwards in what is known

as the second cut of the Victoria channel, a length of about half a

mile between the west and east Twin Islands, which was completed

about 1849 and diverted the river bed from a tortuous channel into

one going perfectly straight to the commencement of Belfast Lough.

The river channel was again diverted from this point by means of

the Victoria channel extension, which was one of the most important

improvements in connection with the harbour. The length of this

channel, which was dredged through the intervening sandbanks and

slob-lands with a width of 300 feet between the bottoms of the slopes,

is about four miles, and entailed the removal of about 3,762,500 tons

of soil. The work was commenced in 1885, and brought to a conclusion

in 1891 at a cost of about £70,000. The new channel has a depth of

over 17 feet at low water, and this depth of water has since been

carried right up to the heart of the city. There were two hopper

dredgers in constant use, costing about £21,000 each.

On returning from the Lough, and traversing the east side of tho

harbour, the first point of interest to be noticed is a large new slip,
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which has been reclaimed from the slob-lands and leased to Messrs.

Workman, Clark and Co., but still awaits development.

Alexandra Graving Doch—Next comes the Alexandra graving

dock, which until quite recently was reckoned the largest dry dock

in existence ; it is 830 feet long, 92 feet wide at coping level, and

50 feet wide on the floor, with a depth of water over the sill of

25 feet at ordinary high-water level. It was opened by the late

Prince Albert Victor of Wales in 1889. The work is executed in

concrete, faced with concrete of finer quality ;
the entrances and

coping are of granite. The cost of the dock alone was £93,448 ;

and including the Alexandra and Victoria wharves &c. the total

cost was about £150,000. The engines, pumps, and machinery

for pumping the water from the dock were so designed that

10,000,000 gallons of water, the contents of the dock, can be

discharged into the entrance basin within two hours and a half.

The engines are two pairs of horizontal compound non-condensmg

of 500 H.P. combined, having their cylinders placed at right angles,

each pair acting direct on one crank-shaft with sweep cranks, for

working with a steam-pressure of 80 lbs. per square inch. The

high-pressure cylinders are 20 inches and the low-pressure 31

inches diameter, the stroke in both being 24 inches. At the

bottom of the two pump weUs are fixed two cast-iron centrifugal

pumps, with runners 7 feet diameter secured to the vertical

pump-shaft. The engines are so designed that either or both

pumps may be worked at the same time. The dock is supplied

with every convenience for the economical and rapid repair of

vessels lying in it, and can be divided transversely by ship-shaped

caissons into three difierent lengths of 300 feet, 200 feet, and

300 feet. The caissons cost about £4,830 each, for entrances

80 feet wide, the coping being 31 feet above the dock sill. There

are several wharves and jetties in connection with the dock
;
and

on the Alexandra wharf is a 100-ton derrick crane, alongside which

the quay has a depth of 24 feet at ordinary low-water level.
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lOQ-Ton Derrick Crane, Alexandra TP7m7/.—This crane is capable
of lifting loads of 100 tons at a radius of 50 feet ; 80 tons at a radius
of 60 feet

;
and 60 tons at a radius of 70 feet. It is used for tlie

shipment of heavy machinery and boilers, and for masting ; and is

one of the finest and largest derrick cranes in the United Kingdom.
Steel predominates throughout the structure, including the gearing,
which is chiefly enclosed between the cheeks of the mast. The
latter works in a massive centre step, resting on concrete, in which
is fixed a steel pivot 15 inches diameter, bearing upon discs of steel
and phosphor-bronze. The pivot is held in its place by a bottom
girder, which is fixed at the base of the mast, and also receives the
steps of the jib. At the top the mast has a strong T shaped 15-inch
pin of mild steel, cottered down to a casting fixed to the framing

;

and to this pin are secured the slewing straps, containing the'

pulleys for the wire ropes Avhich regulate the range of the jib.
°
The

combined stress due to the jib suspension and to the load is borne by
this pin, and is opposed by the resistance of the back stays. The
latter are single, and are made on the box principle; as also is the
diagonal stay between the lower portion of the back legs. The
feet of the back stays are held down by steel bolts with steel
cotters

;
they are in two lengths, with intermediate castings to allow

of expansion and contraction. The jib is double, and has two
steel cap-pulleys for loads up to 26 tons, and four pulleys for the
main load up to 100 tons. It is raised and lowered by an engine
with double 12-inch cylinders of 16 inches stroke and with link
reversing-motion, working direct through a worm on a worm wheel
8 feet 5a inches diameter by 8^ inches broad and 3^ inches pitch.
The steel pulleys, 5 feet in diameter, are split at the bosses,
and are bushed with gunmetal. The main block has three similar
pulleys, the hook or sling working on a series of conical friction-
rollers for easy turning. The hoisting engine has also double
cylinders and link reversing-motion, like the luffing engine. The
steel wire-rope is 7 inches in circumference, and has sk strands,
each proved with a load of over 30 tons. The barrel has three
separate ropes

;
one for light loads, which hangs beyond the main

load, and is double; the second for the main load (7 fall), and



JULT 1896, BELFAST HARBOTIR. 427

the third for luffing the jib (8 fall). They are wound separately

on three barrels sj^irally grooved, which are revolved by a pair of

cylinders 8 inches diameter with 12 inches stroke. There is a link

reversing-motion, with two pinions, one on each side, working into

a steel rack. All the engines are easily under the control of one

man, and are protected from the weather by means of a glazed

enclosure. The boiler is of mild steel, 6^ feet diameter and 14 feet

high, and has nine cross tubes. It was tested to 160 lbs. per square

inch, and is fed by a donkey engine. The total weight of material

used in the construction of the crane is 220 tons. The minimum

factor of safety is considerably over 6 to 1, and for the wire-rope

over 10 to 1. The bottom of the main lifting block gives a clear

hoist of 90 feet ; the jib is 100 feet long, and admits of a range, from

the centre of the revolving motion to the drop of the main block, of

between 30 and 80 feet, with a large amount of swinging movement

within the limits of the back stays, rendering the crane capable of

lifting from the quay and over the bulwarks of a vessel its heaviest

working load, and depositing it in the ship with the greatest nicety.

The foundations for the crane cost £7,596, and the crane itself

£5,970.

Further southward is the south shipbuilding yard of Messrs.

Workman, Clark and Co. ; and the Victoria wharf, a timber structure

erected in 1894, principally for the convenience of the shipbuilding

companies in fitting out new vessels. Alongside the Victoria wharf

there is a depth of water of 16 feet at ordinary low tide ; and the

water space opposite the wharf and between it and the river forms

the launching basin for the north slip of Messrs. Harland and

Wolff's shipbuilding yard, whence have been launched many famous

vessels, amongst others the " Teutonic " and " Majestic," of 10,000

tons ; and at the present time there is a vessel on one of the slips

of fully 14,000 tons capacity.

Ahercorn Basin.—Continuing southward alongside the workshops

of Messrs. Harland and Wolff, the south slips of this firm are

reached, and then the Abercorn basin, which was built between
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1864 and 1867 of rubble work, similar to tbe Spencer basin and

Dufferin dock, at a cost of £24,000. The depth of water is 11 feet

at ordinary low-water level, and the average area of the basin is

about 11^ acres. Within it are two large and strongly-built wooden

jetties of 350 and 317 feet length, which are used entirely by vessels

lying alongside whilst being fitted out ; !N'o. 1 jetty 350 feet long,

built in 1884, cost £6,736 ; No. 2 jetty 317 feet long, built in 1885,

cost £5,435. For the purpose of masting large vessels or placing

boilers and heavy machinery on board, a large pair of masting

sheers capable of lifting 60 tons was erected in 1870 on the eastern

side of the basin at a cost of £2,000. Leading out of the Abercorn

basin is the Hamilton graving dock, completed in 1867 at a cost of

£40.000 ; it is 470 feet long and 84^ feet wide at the coping

level and 50 feet wide on the floor ; the entrance is 60 feet wide

at the coping level, with a depth of 15^ feet of water over the

sill at average high-tide level. The east quay of the basin is

principally used for the fitting out of vessels, while the south quay

is exclusively used for coal. Close to the south-east corner of

the basin is the electrical generating station, which supplies the

power for lighting the Queen's quay, Abercorn basin, and Hamilton

graving dock, with 31 arc-lamps of 1,000 candle-power each.

Queen's Quay.—South of the Abercorn basin, and between this

and the Queen's bridge, is situated the Queen's quay, which was

re-constructed between 1875 and 1877 at a cost of £63,000, or about

£29 3s. per lineal foot. It has a frontage of 2,150 feet, and a depth

of water of about 15 feet at ordinary low-water level. It is used

principally for the coal and iron trades, and is provided with a large

number of 2-ton locomotive steam-cranes, and one locomotive steam-

crane capable of lifting 7 tons with a radius of 30 to 45 feet,

constructed in 1895 at a cost of £1,695.

Between the Queen's quay on the east side and the Donegall

quay on the west side the river is traversed by two steam ferries,

one placed near the Abercorn basin, and the other opposite the

terminus of the Belfast and County Down Eailway. Three steamboats

constantly ply at these ferries, and greatly facilitate passenger
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traffic between the two sides of the river ; the latest was built in

1889 at a cost of £937 to carry 120 passengers, and the working

expenses, exclusive of interest or depreciation, are about £7 4s. per

week. The Queen's bridge fbrms the southern limit of the water

navigable for sea-going vessels.

Locomotive Steam-Cranes.—There are at present thirty-four of

these useful appliances, some having a lifting capacity of 2 tons and

others of 3 tons. The cost of the latest 3-ton steam-cranes of

45 feet radius, constructed in 1894 and 1895, was about £800 each.

Goods Sheds.-—The cost of the double-span goods-sheds, 112^ feet

clear in width, is about £18 15s. per lineal foot of length. The

single-span sheds of 80 feet width cost £15 12s., and of 60 feet width

£10 per lineal foot of length.

Tramways.—About 8^ miles of tramways for railway traffic are

laid on various parts of the harbour.

Bangs of Tides in Belfast Harbour.—The level of the sill of

Clarendon No. 2 graving dock is the harbour datum. Ordinary high

water of spring tides averages 10 ft. 8h ins. on the sill, and of neap

tides 9 ft. 10 ins. Ordinary low water of spring tides averages 1 ft.

3^ ins. on the sill, and of neap tides 2 ft. 2 ins.

The shipping cleared from the port of Belfast during last year

1895 amounted to 2,150,232 tons ; and the revenue of the Harbour

Trust exclusive of pilotage was £139,190, leaving a net surplus

revenue of £10,848 for the year. Eighteen vessels constructed in

the shipbuilding yards at this port cleared during 1895, measuring

92,947 tons gross and 60,208 tons net.
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BELFAST MAIN DRAINAGE WORKS
AND PUMPING STATIONS.

The following particulars were furnished by the kindness of

Mr. Josiah C. Bretland, City Surveyor.

Main Drainage WorJis.—The act of parliament for the construction

of these works was obtained in 1887. The works were immediately

afterwards commenced, and have now been practically completed at

a cost of about £300,000. Previous to their execution the sewers of

the city discharged into the River Lagan and its tributaries, causing

a pollution almost intolerable. Two large trunk sewers with

numerous branches have been constructed, and are known as the high

and low-level intercepting sewers : the former drains the higher

districts by gravitation, and the latter the lower districts by

pumping.

A storage reservoir situated in the slob-lands recently reclaimed

from the sea, having a capacity of about five million gallons, receives

the sewage until the proper time of discharge during the first

portion of the ebb tide. The discharge from the reservoir is

conducted along a covered timber sewer, about one mile in length,

laid in the tideway as far as that portion of the Lough known as

Whitehouse Roads, where a strong ebb current northwards prevails.

The foundations of the reservoir and adjacent works are upon a soft

alluvial formation, and are formed throughout of piles and concrete.

The sewage from the County Down side of the city is passed

under the river Lagan, on the southern side of the Queen's Bridge,

by a syphon formed of two cast-iron pipes, each 3 ft. 9 ins, diameter,

embedded in concrete.

Pumping Stations.—The machinery at Dimcrue Street pumping

station, where the sewage is lifted about 11 feet, consists of three

multitubular boilers, each 12 feet long by 8 ft. 6 ins. diameter, with

a working pressure of 90 lbs. per square inch. They are fitted with

Grainger's forced draught, and a Green's economiser of 96 tubes.

The chimney is 100 feet high. There are two compound condensing

horizontal pumping engines, each capable of discharging 750 cubic
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feet per minute ; and one tandem compound condensing centrifugal

pumping engine, with a caj)acity of 1,500 cubic feet per minute.

The pumps of the horizontal engines are worked at right angles, and

have a stroke of 3 feet, with plungers 3 feet diameter. In addition

to these there are two high-pressure centrifugal pumping engines for

dealing M'ith storm water, each capable of discharging 2,500 cubic

feet per minute.

The function of the pumping station at the outfall works is to

deliver into the reservoir such of the sewage as cannot be dealt with

by gravitation, and thus to maintain a constant flow in the main

trunk sewer. At this station the machinery consists of three boilers

with economisers, same as at Duncrue Street. Two sets of

compound centrifugal pumping engines have been provided, each

•capable of discharging 1,000 cubic feet per minute, and one similar

engine 1,500 cubic feet per minute, through the maximum lift up to

the top water level in the reservoir. Eoom has been left in this

station for the addition of another boiler and engine when rec[uired,

n,s well as for extension of the reservoir itself. There is also a

set of hydraulic machinery, working up to a pressure of 750 lbs.

jjer square inch, for the purpose of lifting the valves and sluices

in connection with the reservoir.

BELFAST FIEE BRIGADE.

The following description was kindly prepared by Mr. James

IVIunce, Assistant Surveyor.

In 1892 the staff of the fire brigade was composed of six

permanent men, and twenty-nine auxiliaries who gave their services

when called upon. The horses were hired by contract, and stabled

on the premises ; but being frequently changed they could not be

expected to acquire much intelligence. The urgent necessity for

an improvement in the brigade is shown by the increase in the

number of buildings. In 1892 the number of buildings erected

was 2,212, and the valuation of the city was £737,816, whilst

in 1895 the valuation had increased to £844,714,

2 R
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The new station is situated in Chicliester Street, in the rear of

the Town Hall, and comprises dwellings for twenty-five men, with

laundry and workshops, chief officer's residence, offices, duty room,

engine room, gymnasium, quarters for single men, six-horse stable,

hose tower, boiler house, and dynamo room. The old buildings have

been converted into stables, stores, &c. The buildings are aiTanged

fronting three streets—Chichester Street, Town Hall Street, and

Oxford Street—and enclose a drill yard 164 feet by 94 feet. At

the left side of the frontage in Chichester Street is the gateway

leading to the drill yard. The foundation of the buildings is formed

of piles and concrete. Larch piles 40 feet long, 12 inches diameter

at head and 8 inches at point, were driven down and sawn off level r

a layer of old roofing felt was placed on the bed of the trench,

to prevent the concrete from mixing with the sleetch. Portland

cement concrete was then filled in to the level of the pile heads.

Cross sleepers 12 inches by 6 inches were spiked to the pile heads,

and concrete was filled in to the top ; then longitudinal sleepers-

were spiked to these, and concrete was brought up 6 inches above

their top edge. On this footings of brickwork in cement were built

to the ground line. The superstructure is of perforated brickwork

and mortar; solid Annadale bricks were used for the external facing

of the engine-house block. There are 49 piles under the tower.,

and 490 under the remainder of the building.

The engine house occupies the main portion of the Chichester

Street front, and is 65 feet long by 35 feet wide, and 16^ feet high

to ceiling. It consists of five bays, each with a door 9^ feet wide

and 12 feet high, so that an engine can pass out at full galloj}.

The floor and roof of the gymnasium are carried by steel girders-

formed of two 16 X 6-inch I joists, with two ^-inch plates riveted on

top and bottom flanges. Immediately behind the engine house is the

stable. The stalls are so arranged that the centre line of each pair

is opposite the centre line of a gate. The doors ojien into the

engine house, and are lined on the stable side with sheet iron and

fitted with galvanised rollers at the angles of the jambs, so that

a horse rushing out cannot be injured. Over the engine room and

duty room are the gymnasium and single men's quarters. The
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gymnasium is 39 feet by 35 feet and 16,^ feet liigli. It is fitted

with bridge ladder, scaling ladder, vaulting borse, parallel bars,

climbing ropes, &c. The floor is laid like a ship's deck, and is

caulked so as to be perfectly water-tight. It is used as a reading

and amusement room by day, and at night as a sleeping room for

those on duty. The flat roof of the stables forms a promenade for

men off duty.

The tower is situated behind the duty room. It rises 103 feet,

and combines a chimney for the boilers, ventilating shaft to stables

and engine house &c., and is used for hose-drying and look-out. The

hose is made in 50-yard lengths, and can be hung up without a

kink. The tower is ascended outside by an iron spiral stair, and

has a wrought-iron balcony all round at top, at the level of the

electrical testing room. All telephone wires and fire alarms are

received in this room, from which they are led down a tube to the

switchboard in the duty room.

The quarters for married men are arranged in flats round two

sides of the drill yard. Each house is complete in itself, and one

room can be taken off any house and added to the adjoining house

to suit the number of occupants. All the buildings are covered with

flat asphalte roofs, forming a playground for the children. The

workshop contains on ground floor a fitter's bench, coachmaker's

hearth and anvil, drilling machine, lathe, and 18 horse-power vertical

engine. The upper floor is used as a carpentry and painting shop.

A travelling crane capable of lifting 10 tons is fixed to raise an

engine to the upper floor ; and a boiler well is constructed in the

ground floor. At one side of the yard is erected a drill balcony

70 feet high. It is of timber, and represents two bays of a six-storey

building; and is used for training the men to climb and to use

escapes, &c.

The system of electric bells is so arranged that the duty-man

can call any individual, or, by turning a lever, the whole staff at

once ; a sick man or one off duty can be left undisturbed. The

station is lighted entirely by electricity generated on the premises.

A Lancashire boiler supplies steam not only to the engines for

driving the dynamos, but ajso to a separate engine for the workshops,

2 E 2
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and hot water to the twenty-five houses, laundry, &c. It is kept at

about 40 lbs. pressure during the day, and at 80 lbs. whilst the

electric light is turned on to the whole station, that is till 11 p.m.

The exhaust steam is used for heating the feed-water pumped into the

boiler by a Worthington pump. The consumjition of coal is as low

as about 40 cwts. per week. The dynamos are driven by two

high-speed engines, each of Avhich is capable of developing about

18 horse-power, while the average load is about 10 horse-power for

each. The dynamos are on the same bed-plates as the engines, and

are driven by belts from the respective fly-wheels. The switchboard

is placed in the duty room, where the man on duty has control of the

lights, bells, and telephones of the whole station, and of the out-

stations as well. The electric current is direct low-tension; and

in addition to about 170 incandescent lamps there are two powerful

arc-lamps for illuminating the open spaces of the station.

Should an alarm of fire be received at night, the duty-man whilst

the telephone is at his ear turns a handle which lights uj) the

bedroom of every man, the engine house and stable, single-men's

(parters and gymnasium ; instantly the bells ring, the men on duty

slip down poles, the first man pulls a cord which releases the stable

doors, w^hereat the horses trot out and get under their harness. This

the men secure, while the driver takes his seat ; the engineer on

seeing all right pulls cords which release the street doors, and the

first engine starts off, only about fifteen seconds having elapsed

between the receipt of the alarm and the engine starting.

Immediately a second engine with men and horses takes the place of

that first despatched. The chief ofiicer is Mr. G. W. Parker, who

was appointed in 1892.

COKPOEATION PUBLIC BATHS.

The following particulars were furnished by the kindness of

]Mr. E. Graeme-Watt, by whom were designed the three modern

sets of Public Baths which have been recently erected in Belfast,

namely in Ormeau Avenue, in Templemore Avenue, and on the
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Falls Iioad. The principle on Avhicli they have been constructed

is practically the same, though the arrangement differs slightly

owing to the variation in level and size of the various sites.

The general plan of these baths is to have the chimney and boilers

as near the centre of the buildings as possible, and for this purpose

the first and second-class swimming ponds and the first and second-

class slipper-baths are placed symmetrically round the central

heating apparatus.

The most recently erected establishment is that on the Falls

Road. The sizes of the swimming ponds here are respectively :

—

second-class 66 feet long by 24 feet wide, and first-class 55 feet long

by 24 feet wide. Eound each swimming pond is a subway w hich gives

access to all the pipes and connections. There are twenty-three

second-class slipper-baths, which are made of concrete composed of

cement and marble chippings. This has been found to answer very

well for the purpose, as it is easily kept clean and is not liable t(>

chip. The first-class slipper-baths are of porcelain. The walls as

far as possible are lined with glazed bricks or glazed tiles, so as to

give a bright and clean appearance to the various places. The

divisions in the slipper-baths are in the first-class of marble and in

the second-class of slate. From experience it has been found

desirable to have lavatories connected with the slipper and the

swimming baths, so arranged that bathers can pass from one to

the other. The laundry is used only for the washing of the

establishment. There is a washing machine, which is also for

practical purposes a disinfector, inasmuch as the articles being

washed can be subjected to a pressure of 10 lbs. per square inch.

The cost of this establishment was about £12,000.

In addition to the three establishments referred to, there is also

one at Peter's Hill, which was the first enterprise of the kind taken

in hand by the Corporation, and dates from 1879. "While serving

its purpose still and being fairly well patronised, it is not considered

specially attractive.
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MESSES. DAVID ALLEX AXD SOXS,

PEIXTIXG WORKS.

For many years this firm lias been celebrated for its art posters,

of whicli it bas made a specialty, so tbat a visit to these works will

be found interesting, especially for those who have observed the

rajiid growth and development of this particular industry. When

a poster is arranged for, a sketch is first prepared, usually at their

London or Manchester house, in both of which is emj^loyed a staflf of

designers including many well-known names. The cost of such a

sketch averages from £10 to £20, and sometimes over £100 has been

spent in this way. It is then enlarged, outlined in conte crayon,

and rubbed down on large litho stones, each of which generally

measures about 60 inches by 40 inches, and has a sui-face grained

to a consistency resembling cartridge paper. These are known as

black stones. When they are completed, transfers or sets-off are

taken, one for each colour required, and are placed on other

corresponding stones. The latter when fijiished are printed in their

order, each colour necessitating a separate stone and separate

working for each different sheet ; a large poster is made up of many

sheets. The drawing being previously " fastened " by an etching

process, the stone is then conveyed to the printing machine. All

the kindred branches of lithography and letterpress printing are

carried on by this fii-m, which, in consequence of the growth of its

business, is erecting a new factory at Harrow, near London. In the

Belfast house about fifty or sixty artists are employed, making with

those in London and Manchester a total of over eighty. . More than

six million sheets of high-class art posters, made up of more than

six hundred varieties, are annually turned out from the Belfast

works alone. There are no less than twelve machines for printing

sheets of 60 inches by 40 inches, which is an exceptionally large

size. Over fifty parcels of theatrical printing are despatched every

night by steamer, many of which are for shipment to distant

countries.
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ANNADALE BEICK WOKKS, OEMEAU EOAD.

The macliinery in these works, which occupy about 50 acres on

the banks of the river Lagan, was laid down by the late Mr. William

Fitz2)atrick in 1879, though bricks have been made on the ground

upwards of fifty years. In 1888 the works were taken over by the

present proprietors. The goods manufactured comprise common and

selected bricks, perforated, facing, and ornamental bricks, chimney

tops, flower pots, ridge tiles, and all kinds of terra-cotta work.

There are at present two brick-making machines, each capable of

turning out upwards of 20,000 bricks per day ; and several presses,

which are each capable of producing 2,000 best facing bricks per

day ; also several pug mills, and pan and other smaller machines,

for use in the various departments. The machinery is specially

designed for the clay, and with the steam boilers was made by

Messrs. Victor Coates and Co. of Belfast. It is driven by a

compound high-pressure condensing engine, with fly-wheel of nearly

20 feet diameter ; steam is supplied by two 30-foot Lancashire double-

flued boilers, working at about 65 lbs. pressure per so[uare inch.

For drying the bricks, special sheds have been constructed. One

of the kilns is of circular shape, containing twenty-four chambers

;

it is built on the Hofiman j)rinciple, and is capable of holding

500,000 bricks. The works employ upwards of 140 persons.

BELFAST EOPEWOEK, CONNSWATER.

These works were established in 1876, and are situated in close

proximity to the shijjbuilding yards, and on the banks of the

Oonnswater river communicating with the harbour. In the stores

is a great quantity of raw material, in the shape of bales of hemp

and hundreds of barrels of Eussian tar. There are ten engines with

rope-driving, which transmit about 2,000 horse-power for driving the

machinery in the works ; most of them are compound surface-

condensing, supplied with the latest improvements. Complete

arrangements are made by way of precaution against fire ; in addition
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to a range of fire mains from the town supply, tliere are always in

readiness buckets, extincteurs, hose, and steam fire-engines.

Strength and uniformity of make are the principal qualities

necessary in rojjes and twines. The raw mat-rial here used comes

from Eussia, Italy, India, the Philippice Islands, Yucatan, and New
Zealand. The manila is made up in small hanks, and the Kussian

hemp is in bundles of 14 lbs. ; these are packed into bales of 2^ to

5 cwts. After being carefully sorted and picked over by girls, the

fibres are taken to the hackling room, where the process is similar to

that employed in the preparation of flax. Hand roughing and machine

hackling are both used. By the machine process the hemp is carried

over rows of pins, which comb it out and lay all the fibres perfectly

straight. After hackling, the hemp is placed ujion spreading frames.,

on which a continuous thin band or sliver is formed. This is then

taken to the drawing and roving frames, where it undergoes a slight

twisting : and the bobbins of roving are taken to the spinning-

machinery.

Both the wet and dry spinning processes are used, the former

principally for fine yarns. After spinning, the yarn is removed to-

large tanks in another room, to undergo tarring, which assists in the

preservation of the rope. The yarn is slowly fed from a circular

frame into the boiling tar, and as it emerges is drawn between large

iron rollers, which press out superfluous liquid. After being

thoroughly dried, the tarred yarn is taken to the rope-walk to be

twisted into strands, which are fastened to the hooks of machines-

called " travellers." These recede on tram lines from a stationary

" fore-turn " or twisting head. On each traveller there are about a

dozen hooks, and large and small ropes can be made on one machine,.

A quantity of fishing-lines are still made by hand on the old plan.

Cords made from harsh or extra fibrous material have to undergo

a scouring process jn-ior to being sized and polished. The macliines-

take from twenty to thirty separate twines at a time, which have

been twisted upon bobbins, and are placed in front of the machine.

Any loose fibres which may be adhering are then removed by parsing

over carding rollers before the twines enter the sizing troughs-

After leaving the troughs, the cords pass between two rollers, by
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which the superfluous sizing is squeezed out. Thence the cords go

over a Large steam-heated cylinder, whereby a beautiful gloss is

imparted to them ; and they are then made up into halls.

SiJecial plaiting machines are used for makiug cords for window

sashes, to resist the wear and tear caused by friction. Binder twine

for self-binding reaj)ing machines now forms a large manufacture^

The range of goods here produced comprises every description of

rope, from the largest cable down to the finest yacht-cordage.

Three years after commencing, the firm emjiloyed nearly 300-

workpeople ; now the number exceeds 2,000, with an ofiice staff of

about 80 clerks. The managing director is Mr. AV. H. Smiles, son.

of Dr. Samuel Smiles.

BEOOKFIELD LINEN CO.

This business was commenced in 1851, and was formed into a

limited company in 1866. Since its formation the company has

built a second weaving factory, and has now 1,400 looms and 29,000'

flax-spinning spindles in ojieration, besides extensive beetling,,

finishing, and dyeing works. Spacious offices and warehouses are

occupied in Donegall Street, where the different classes of goods

are made up and despatched to the home and foreign markets. The

company also carries stock in New York, Toronto, Berlin, Paris,

Melbourne, and Sydney, and has its agents in all the principal

continental and foreign markets. The number of persons employed

at all the establishments amounts to 2,6C0.

MESSES. CANTEELL AND COCHEANE,
AEEATED AND MINEEAL WATEE MANUEACTOEY.

The works of this firm Avere established by Dr. Cantrell in

Belfast in 1852, and were situated in Bank Lane. Frequent

extensions of the premises were made, until it was found necessary

to remove to the present extensive buildings in Victoria Square^
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About this time a partnership was entered into with. Sir Henry

Cochrane of Dublin, who is now the sole proprietor of the two

•establishments in Dublin and Belfast. The works in Victoria

Square stand on what used to be the site of the Town Hall, and

portions of this building now serve as counting-house and stores.

A well was sunk at a cost of £2,000, and at a depth of 116 feet an

abundant supply of water from the Cromac spring was obtained.

The supply is practically unlimited, about 18,000 gallons a day

being pumped into an enormous slate cistern at the top of the

premises. Before reaching this receptacle it undergoes a careful

and final process of purification by being passed through a bed of

sand and charcoal.

The charging of Cromac water with gas generated from the

action of sulphuric acid upon carbonates is the first stage after the

pure water has been stored in the slate tank, which is covered with

a glass lid, as a security against contamination. The gas is

repeatedly washed to obtain absolute purity, and is stored in gas-

holders, whence it is drawn as required, a pressure of from 160 to

180 lbs. per square inch being used to impregnate the water. The

syrups for the various products are prepared in slate, porcelain, or

glass vessels, in order to prevent the formation of chemical deposits.

In the bottling room are a number of continuous double-action soda-

water machines, driven by overhead belting. Connected with them

is a slate cistern of iced water, and everything is so arranged that the

processes of gas generation, charging, and bottling are continuous.

To this room the bottles are conveyed down an inclined plane from

the room in which they have previously been cleansed by steeping in

hot water, brushing inside and out, and rinsing in pure cold water.

There are two modes of bottling—by hand and by machine. In

the hand process, the bottler sits ia front of a machine ; the bottle to

be filled is placed beneath the mouth of the feeding-tube ; the cork

is inserted and pressed nearly home ; and the requisite quantity of

syrup is admitted into a glass gauge by the action of a treadle, and is

tli«^ forced into the bottle by the aerated water. The atmosjiLfric

air is t- nfeid, the bottle quite filled, the cork driven home
. next exhaubiei ,..«.-

and wired.,, part of the factory, the bottling is effected
n a.„ .
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by automatic rotary bottling-niachines. The macliine is fed by one

man with bottles and corks, the air being exhausted from the bottles

as the aj)paratus revolves. During the revolution the bottles are

syruped, filled with aerated water, corked, and delivered upon an

•endless band, whence boys pick them oif and wire them. By the

hand process one man generally bottles twenty dozen per hour, but

by machine six times that number can be accomplished. In full-

working summer days about 60,000 bottles are turned out per day.

For sending abroad, the bottles are doubly wired, wrapped in paper,

and packed in barrels with straw. Amongst the various mineral

waters produced here and at the Dublin factory are club soda, club

ale, club kola, seltzer, lithia and potass waters, ginger ale, lemonade,

sparkling Montserrat lime-juice, &c. The number of men employed

in Belfast and at the Dublin factory is 500.

MESSES. VICTOE COATES AND CO.,

LAGAN FOUNDEY AND ENGINE WOEKS,
AND PEINCES DOCK BOILEE WOEKS.

These works were established about 1791. The foundry and the

boiler works are two distinct establishments about a mile apart, each

having its own managers and foremen.

The Lagan Foundry is situated on the east bank of the river

Lagan, close by the Albert Bridge ; and includes machine shops

and foundry, with commercial offices, drawing offices, pattern shops,

stores, and other departments, all lighted by electricity. The

main building is a lofty erection divided into several bays, each

about 50 or 60 feet wide by 160 to 280 feet long. The pattern

shop, occupying two of these bays, contains eight or ten benches,

and the usual wood-working tools. The adjoining bay is occupied

as an erecting shop, and is spanned by a 6-ton overhead traveller,

designed and made on the premises. The bay devoted to the

machine shop is 320 feet long by 65 feet wide. Eunning

along its whole length is a commodious gallery, in which the

lighter class of work is done. An overhead traveller capable



442 LAGAN FOUNDRY AND ENGINE WOKKS. Jui.Y 189(7,

of lifting 39 tons sj)ans the bay, and traverses it from end to end,

Tlie ground floor contains a full equipment of powerful tools,

including several large horizontal drills, boring tools, and a face-plate

lathe by Messrs. Thomas Shanks and Son, capable of taking in any

diameter up to 15 feet. There is also a pit for turning fly-wheels up

to 30 feet diameter.

The turning shop, about 100 feet long by 50 feet wide, adjoins

the machine shop. It is equipped with a large number of capstan

and other lathes, and with drills and other tools ; the shafting and

work of a smaller character are done here, and are conveniently

handled by a number of small jib-cranes. The smithy is 120 feet

long by 50 feet wide, and contains eight fires, two steam-hammers,

and the usual tools.

The foundry and moulding shop occupy a sejiarate block of

buildings. In the yard are powerful sheer-legs and hoist for

breaking up the large pieces of scrap into sizes suitable for the

cupola. The foundry is a rectangular building 150 feet long by

85 feet wide, divided into two bays 50 feet and 35 feet wide

;

one side is devoted to the lighter class of castings, and the other to the

heavier. Two overhead travellers span the separate bays, which are

also lighted by electricity. Gearing is moulded by wheel-moulding

machines.

The Princes Dock Boiler Works are close to the harbour, and

entirely imder cover; they occupy an area of 250 feet by 170 feet,

alongside the dock. The building is divided into four bays, the first

of which is spanned by a 6-ton overhead traveller, running the whole

length. Plates, angles, &c., are here marked off, and passed on to

the next stage. A number of heavy tools are in use ; and a portion

of the shop is fitted up with lathes and other machine-tools, for

dealing with breakdowns and steamship rej)airs. In the second bay

is a plate-heating furnace, large enough to take in plates up to

10 feet wide by 20 feet long ; also steam-hammers and plate-

bending tools, and a new shell-drilling machine with eleven drills

of most improved design, capable of drilling two boilers a week.

The third bay is devoted to riveting, which is done by hydraulic

machinery wherever possible. The fourth bay contains finished
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work, and special maclimeiy for flanging Adamson flues. The wliole

of the works are lighted by electricity, for which the necessary

apparatus is situated in the second bay ; the dynamo is driven by

ropes. The engines for driving the machinery and the dynamo were

made by the firm.

Besides steam engines and boilers, the work turned out includes

machinery for bleaching and finishing works, for distilleries and

breweries, tobacco manufactories, flour mills, soap making, brick

making, manure manufacturing, felt and tar works, pork curing, salt

manufacturing, railway plant, cranes, pumps, refrigerators, and air

compressors. The two works together occujiy six acres, and give

employment to 500 men.

MESSES. COMBE, BAEBOUE, AND COMBE,
FALLS FOUNDEY.

These works were commenced in 1845 for the manufacture of

machinery for preparing, spinning, and twisting flax ; and occupy an

area of five acres, the covered floor area being over 230,000 square

feet. They have steadily increased in size and power of production,

and their present output includes all the machines required for

preparing, spinning, and twisting flax, hemp, jute, manila, sisal, and

other similar fibres, ranging from the finest yarns that are used in

the manufacture of lace to the coarsest yarns for twines and ropes

;

laying and cabling machinery ; also steam engines of all sizes,

single, compound, and triple-expansion ; shafting, and all millwright

and fire-proof work ; as well as all the accessory machines and special

tools required in mills and factories. It was in these works that

rope-driving originated (Proceedings 1876, page 392) ; and the first

pair of rope pulleys made for main driving purposes over thirty

years ago are still at work here. The power is supplied by six

boilers, and three condensing and eleven non-condensing engines.

The number of men employed is about 1,700.
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MESSES. DUNVILLE AND CO.,

EOYAL lEISH WHISKY DISTILLEEIES.

Although this business dates back to 1808, the present distillery

was not erected till 1869, at which time the site it occupies

as well as the surrounding district was green fields, and the part

now covered by the bonded warehouses was a sheet of water, in some

parts 15 feet deep. The distillery comprises several blocks of

buildings, built principally of the perforated brick peculiar to

Belfast. The octagonal chimney stalk rises to a height of 150 feet,

and for the first 60 feet is built with an inner lining of fire-brick,

with an air-space between this and the outer structure. Iron hoops

were put round the chimney about ten years ago to strengthen it,

after an explosion in the air-space, which had been built without

provision for ventilation.

Facing the entrance are three Lancashire steam boilers, each

30 feet long by 7^ feet diameter, the flues being fitted with Galloway

tubes. They supply steam to the engines and for the various

requirements of the distillery, including the heating of the water

used for the mashing. In the main flue is placed one of Green's

economisers, through which the feed water is supplied to the boilers

at a temperature ranging from 250" to 315° Fahr. The higher heat

is obtained in the earlier part of the week, when the economiser has

the benefit of the waste heat from the pot stills, as well as from the

boilers.

Behind the boiler-house are the engine-house and grinding mill.

A condensing beam-engine of 150 indicated horse-power, made by

Messrs. Victor Coates and Co., supplies the principal motive power.

There is also a high-pressure horizontal engine in connection with

the still house, as well as several combined engines and pumps for

feeding the boilers and for pumping the spent wash in the feeding-

stufi's department. The grinding mill contains four pairs of

millstones, each 4^ feet diameter, driven at a speed of 140 revolutions

per minute, and kept running night and day in order to supply the

quantity of grist required for mashing. From the mill the grist is
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conveyed by an elevator and screw to the grist room, where it falls

into large heaps, no sacks being used.

On the left of the entrance is the granary, which with the sheds

attached to it is capable of holding 240,000 bushels of grain.

Abutting on the granary is the grain kiln and the malt deposit

room. Behind the granary and separated from it by a yard 20 feet

wide is the malt-house, four storeys high, the roof of which is a

wrought-iron tank about 112 feet long by 85 feet wide. This tank

has a capacity of over a quarter of a million gallons, and the

main object of its erection was to ensure a good suj)ply of water in

case of fire. Two kilns for drying malt are attached to the malt-

house ; and next to the latter is the mash-house, containing three

mash tuns, of which the largest is 29 feet diameter by 8 feet deep,

having a capacity of over 30,000 gallons. Grist is passed into the

various mash tuns through Steel's mashers. All the pumping in

this house is done by a rotary pump, driven at from 600 to 700

revolutions per minute, which raises 1,000 gallons per minute to a

height of 40 feet. The cooling of the wort is efiected by two large

refrigerators. Close by is the tun room, containing sixteen fei:menting

wash-backs ranging in size from 27,000 to 50,000 gallons.

The still-house, situated to the right of the main entrance and

near the engine and boiler-house, is in communication with the mash-

house. Here there are three pot-stills, holding together about 30,000

gallons, made by Miller of Dublin, with the necessary adjuncts of wash

chargers, refrigerators, and receivers for the low wines, feints, and

whisky ; also the glass safes, through which the various distillates

pass. From the still-house the finished whisky is run into vats in

the adjoining spirit store, where the final operation of filling into the

sherry and other casks takes place.

The principal warehouses for storing and maturing the whisky

are situated about a mile from the distillery, in Adelaide and Alfred

Streets ; and there are also two warehouses adjoining the distillery,

which hold about 10,000 butts. The total floor space of the

warehouses is over 260,000 square feet, or nearly 6 acres. Between

the distilleries and the warehouses a government staff of two

supervisors and twenty officers are constantly employed. About
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-60,000 gallons of whisky can be produced weekly. A very large

sum is paid annually in excise duty, an example of whicli is shown

in the jiayment of over £50,000 in one sum on 1st July 1895, when

the spirit duty was reduced. A large proportion of the trade is

done under bond, that is, the whisky is sent—without duty being

paid in Belfast—to the various crown warehouses all over the

kingdom, where the excise duty is ultimately paid. A sum of about

£1,500,000 finds its way into the government exchequer before the

yearly product of these distilleries passes into consumption. The

number of men employed in the distilleries and warehouses amounts

to 650.

MESSRS. WILLIAM EWART AND SON,

CRUMLIN ROAD LINEN MILLS.

These works embrace the complete manufacture of linen. The

flax and hemp spinning mills are in Crumlin Road, and at Mountain

Mill, Ligoniel. The power-loom weaving- factories are also situated

in Crumlin Road and in Bedford Street. The branch of bleaching

and dyeing is carried on at Glenbank, Ballysillan. The number of

_persons employed in the whole of these establishments is 4,500.

MESSRS. GUNNING AND CAMPBELLS,
FINE-YARN SPINNING WORKS.

These works are arranged for spinning especially fine numbers

•of flax yarn by the wet process. For this particular class of yarn

it is desirable that the machinery should run with the most

perfect regularity ; and with this object a set of triple-expansion

hich-speed engines by Slessrs. Willans and Robinson have recently

been erected, indicating about 400 horse-power and working with

steam at 200 lbs. pressure per square inch, supplied by Lancashire

boilers. The latter were specially constructed from the designs of

Mr. A. Basil Wilson. The number of workpeople employed is 550.
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HAELAND AND WOLFF,
SHIPBUILDING AND ENGINEEEING WOEKS,

QUEEN'S ISLAND.

The rise and progress of this concern have taken place in a country

which has to import all its supplies of coal and iron. The vessels

which have here been turned out are now to be found on every sea,

although only a little over forty years have yet elapsed since the

founder of the business, the late Sir Edward J. Harland, Bart., came

to Belfast. After serving his apprenticeship to engineering in the

works of Eobert Stephenson, Newcastle-on-Tyne, and filling various

posts in the engineering and shipbuilding line in the north of

England and in Scotland, Sir Edward, then Mr. Harland, became

manager to Messrs. Eobert Hickson and Co., who had started iron

shipbuilding in Belfast on the Queen's Island at the mouth of the

river Lagan in 1854, although even previously to that year a good

many wooden ships and a few iron vessels had been constructed in

the port. In 1858 the business was transferred to Mr. Harland, and

a year or two later he took into partnership Mr. G. W. Wolff, who

had served his apprenticeship to Messrs. Whitworth of Manchester ;

the firm has since been carried on under the style of Harland and

Wolff, and about 1874 Mr. W. H. Wilson and Mr. W. J. Pirrie (the

present Lord Mayor of Belfast) were admitted as partners, both of

them being old pupils of the firm. The total number of hands

employed in the yard, which in 1858 was only 100, has now reached

about 8,000.

Among the large number of vessels which have left these works,

first and foremost comes the entire fleet of the White Star line,

including the " Teutonic " and " Majestic " of Atlantic fame ; these

two being subsidised by government were built with a view to their

conversion into cruisers in case of emergency, and at short notice

can be mounted with heavy guns. Not only the largest steamer

built for the White Star line, but the largest vessel afloat is the

" Georgic," 10,077 tons gross, completed in 1895, for the North

Atlantic cattle trade. Noteworthy among the ships of the same lino

is the "Gothic," 7,720 tons, recently added to the fleet of steamers

2 s
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engaged in the frozen-meat trade between England and New
Zealand, and also magnificently and luxuriously fitted as a passenger

vessel.

Other ships have here been built for the Peninsular and Oriental

line, the Pacific, the Union (South Africa), the African Steamship,

the Johnston, the Harrison, the Atlantic Transport, the Dominion,

the Leyland, the Bibby, the Warren, the Brocklebank, the West

India and Pacific, the Asiatic, the " Head," the " Lord," and other

lines ; also for Messrs. Edward Bates and Sons, and numerous other

ship-owning companies and firms. Whilst the work done has been

principally for the mercantile marine, four gunboats and a torpedo

ship have been built for the navy ; two cruisers built in H.M.

dockyards have been engined ; and there is at present in hand the

machinery for H.M. battleship " Hannibal," now building at

Pembroke.

Various new features in shipbuilding have here been initiated.

For example, the long narrow hull has been developed in a series

of nine cargo steamers for the Bibby line, which are employed

in the Mediterranean trade. The first of these was the " Venetian,"

270 feet long by 34 feet beam, still afloat and at work, but now

called the " Landana " ; at the time of building she was considered

very long in proportion to her beam, but nine vessels were built

for the same owners, gradually increasing in length, until the last

was as much as 91 feet longer than the " Venetian," although

still retaining the same breadth of beam. In conjunction with

first-class passenger accommodation in the middle of the vessel,

the long narrow build was first adopted in the " Oceanic," built

about twenty-five years ago for the White Star line ; and, although

at first looked upon by many with doubts, has brought about a

complete revolution of opinion in its favour. Other new features

were the low rise of floor, which is now generally adopted, and

commonly known as the " Belfast bottom "
; the straight stem ; the

cut-away fore-foot, which has proved its superiority in the handling

of vessels over the yacht-shaped bow at one time almost universal.

The twin screw is also strongly advocated, and has been fitted in.

most of the recent vessels built here.
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The works cover an area of upwards of 50 acres, Plate 106, and

are built to a great extent on piles, as the Queen's Island is " made

ground," mainly recovered from swamps and river. The engine and

boiler works, situated on the east side of the Queen's Eoad, were

added to the yard in 1880. Prior to that year, the machinery for the

steamers here built was supplied by makers in London, Liverpool,

Glasgow, and elsewhere, although fitted on board in Belfast ; but

now the machinery as well as the ship is constructed in the works.

Entering the ship-yard on the west side of the Queen's Koad, the

time offices, workmen's entrances, and dining rooms are on the left-

hand side of the gateway, and the general offices on the right. The

drawing office in the centre is a large and handsome room, surmounted

by an artistically decorated circular ceiling and lantern, afibrding

abundant light and ventilation. Alterations and additions to the

counting-house are in progress, which when finished will render the

.-offices most convenient in every respect. Complete electric-bell

communication extends throughout the building, and there is

telephonic communication with the various departments in the

ship-yard, the engine works, the city telephone exchange, and the

post-office, and thereby with the principal cities in England and

Scotland. Behind the offices comes the joiners' shop, built a few

years ago and equipped with all the necessary tools and labour-

saving appliances. Here are also the cabinet-makers' and polishing

shops. The saw mill contiguous to the joiners' shop is likewise

of recent construction, commodious and arranged on modern lines,

with frame and hand saws of the most recent kind, and pneumatic

tubes for conveying chips and sawdust from the various shops, and

delivering them in front of the boilers ; although to a certain extent

in use in America, this arrangement is believed to be at present

more or less of a novelty in Europe.

The mould loft at the north end of the yard is large and

well arranged. The platers' sheds immediately adjoin the river

frontage. The methods of bending and shearing steel plates and

various sections of angle and channel bars for the difierent parts of a

ship are almost unique ; the two sets of plate-bending rolls are so

large as to be capable of dealing with plates up to 31 feet long, of

2 s 2
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any necessary breadth, and 1^ inch thick. The hydraulic keel-plate

setting and flanging machine is also a powerful and useful tooly

capable of exerting a force of over 2,000 tons in bending steel

plates cold. Besides these heavy tools, there is in this department

a complete equipment of power-driven shearing and punching

machines ; five hydraulic riveting machines, carried by cranes for

convenient handling ; also five pneumatic riveting machines

similarly supported ; and the other usual appliances. The smiths'

shop is equipped with sixty-eight fires, six steam-hammers, and a

hydraulic forging press.

The boiler-house, coal stores, general stores
;
paint, upholsterers^

and pattern shops ; boat-building shed, wood-drying kiln, &c., are all

separate buildings, in convenient positions between the platers'^

sheds and the main offices and entrance, Plate 106.

There are four powerful travelling cranes in the open yard ; and!

the whole of the works are traversed by a system of narrow-gauge-

tramway lines aggregating upwards of nine miles in length, for

transporting the large quantities of material that have to be dealt

with. Steam power for driving the machinery &c. throughout the

works is supplied by eight Galloway boilers of 2,000 horse-power

in the ship-yard, and by six of the same construction in the engine

works.

The large electric-lighting installation comprises engine and

dynamos by various makers, including Messrs. Allen, Crompton,

Brush Co., Mather and Piatt, and Stanley and Davis, besides sixteen

machines which have been constructed on the premises. In the

ship-yard there are 205 arc lamps, each absorbing 45 volts and

22 amperes of current. A large number of these are hung on poles

from 70 to 90 feet high, placed in different parts of the works.

The main offices are lit by 300 incandescent lamps, some of which

are of the " sunbeam " pattern ; a storage battery is also used when

the dynamos are not running. In the engine works there are 200

arc lamps distributed throughout the shops. The total candle-

power in the entire establishment amounts to about 410,000.

Electric light is also largely used on board the various ships when

finishing.
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At the north end of the yard there are five slips, and six at the

Gouth or Abercorn Basin end, all of which are at present occupied

by vessels in course of construction. Among the larger ships on the

stocks or finishing may be mentioned the " China " for the Peninsular

and Oriental Co., and several for the White Star line, the Union Co.,

the Pacific Co., the Hamburg-American Steam Packet Co., and other

ship-owners. After a ship is launched at the Queen's Island, she

3S generally taken to the 60-ton sheers in the Abercorn basin or to

the lOO-ton crane at the Alexandra jetty. After receiving there

lier boilers, heavy machinery, masts &c., she is brought round to

lie at one of the jetties in the Abercorn basin for finishing,

Plate 106.

The Hamilton graving dock lies between the ship-yard and

>Queen'8 Eoad, and is capable of accommodating vessels up to a

length of 470 feet. The Alexandra graving dock, measuring

830 feet in length, is available for ships of larger dimensions. In

this fine dock the " Scot," belonging to the Union Steam Ship Co.,

was lately lengthened, being cut in two, pulled asunder 54 feet, and

vthe new portion built into place.

Crossing to the engine works on the east side of Queen's Eoad,

ihe main entrance is immediately opposite the sheer legs at the

Abercorn basin, the time offices and workmen's entrances being

.situated on the left, while the drawing offices &c., which are

iastefully designed and have been recently erected, are on the right.

JSTear to the gateway are the fitting, turning, and erecting shops,

where all the most modern machine-tools are to be found, as well as

pits for erecting, travelling cranes, &c. In the adjoining smiths' shop

rthere are thirty-five fires, six large steam-hammers, and two steam-

olivers. A forge for working up scrap, with hammer, furnace, crane,

.&c., forms part of the same building as the smiths' shop.

Running parallel with these buildings are the store, fettling shop

•where castings are dressed and cleaned, and pattern shop. In front

•of these buildings is the brass foundry, alongside the boilers for

.supplying steam ; and in an L shaped building the iron foundry is

.arranged, with four cupolas, large drying stoves, and several

.powerful overhead travelling cranes. The extensive boiler shops are
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situated alongside the Queen's Eoad, and are fitted with ntmierou&

machines driven by steam and hydraulic power ; in each bay are

several overhead cranes for lifting heavy weights.

For four years running the Queen's Island Works held the

highest place in the world as regards the amount of tonnage launched^

and the following are the figures for the last sis years :

—

Total Indicated

Touuage. Horse-power.

48,626 .

.

22,900

64,962 .

.

34,650

68,612 .

.

33,650

65,660 .

.

41,640

65,448 .

.

41,800

58,093 .

.

26,800

The falling off in 1895 was due to the unfortunate strike of the

engineers. In addition to the engines constructed during last year

for vessels launched from the yard, the two White Star steamers-

" Germanic " and " Doric " also received new boilers and machinery,

of 6,500 and 3,200 I.H.P. respectively, making a total of 36,500

LH.P. for 1895.

The firm is assisted in the commercial department by Mr. Bailey,

who has been connected with the establishment since its beginning ;

and Mr. Carlisle and Mr. Pratten are the respective managers of the

ship-yard and the engine works.

Number of

Year. Vessels launched.

1890 13

1891 13

1892 14

1893 15

1894 13

1895 7

ME. GEOEGE HOENEE, CLONAED FOUNDEY.

These works were established in 1859 by Mr. George Horner for

tbe construction of hackling machines, of which some 2,520 have

already been made from his various designs. They are situated in

the largest spinning district of the city, and in close proximity to the

users of the machines. These comprise single and duplex stripper-

rod machines for hemp and the coarse and medium flaxes ; single

brush-and-doffer machines for the fine flaxes ; and giant hackling

machines for the various fibres used in their full length, in rope and

twine making ; ending machines, fl^s cutters, hemp breakers and
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cutters ; and other macliines used in connection with liackling. A
large trade is also done in castings and general millwright work.

The departments comprise a foundry, having a 5-ton travelling

crane, two jib cranes of 10 and 5 tons and smaller cranes; hackle-

making shop ; machinery, turning, fitting and erecting shops, and

forge. When in full work they employ about 160 men.

MESSES. INGLIS AND CO., MACHINE BAKEEY.

This business was started in Castle Street, and was moved in

1882 to larger premises in Eliza Street, near to the river, the

railway, and the public markets. The buildings cover more than an

acre, and have storage capacity for twenty thousand 280-lbs. sacks of

flour. Fifty-five ovens of various kinds are in nightly use, and the

bake-house appliances are capable of baking 2,000 large sacks of

flour per week. Labour-saving machinery is largely employed, from

the blending and automatic weighing of the flour to the dividing

of the finished dough for baking. At the present time the products,

in the shape of bread, cakes, pastry, &c., are to be found in most of

the towns and villages within fifty miles of Belfast. The premises

are lighted by electricity, and the baking is mainly done during the

night. The stables contain 76 horses, and about 300 persons are

employed.

MESSES. McCAW, STEVENSON, AND OEE,
LINENHALL FEINTING WOEKS.

This printing, publishing, and chromo-lithographic business was

established about twenty-three years ago in Arthur Street, whence

it was shortly removed to larger premises in Linenhall Street, and

again in February 1895 to the present still larger premises at

Loopbridge, Castlereagh Eoad, having a floor area of 126,600 sq^uare

feet, or nearly 3 acres.
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The special work here done consists of high-class chromo-

lithography, letterpress printing, bookbinding, &c. ; also transparent

label printing, now largely used, and " glacier " window decoration.

The latest improved machinery is in use in all the departments, and

the works are fitted up and arranged for dealing most expeditiously

with all kinds of high-class printing. The number of persons

employed is very large.

MESSES. W. A. BOSS AXD SONS,

AERATED AND MINERAL WATER MANUFACTORY.

These works, situated in William Street South, were founded in

1879 by Mr. W. A. Ross, They comprise a large and substantial

block of buildings, underneath which is an artesian well nearly

250 feet deep, whence is pumped an abundant and unfailing supply

of water, almost equal in purity to distilled water and more

wholesome. The machinery is of the most effective kind, comprising

a number of ingenious and labour-saving machines. The utmost

cleanliness is observed in all departments, especially in the syrup

room, where all the utensils and apparatus are of glass, crockery,

or slate, no metallic appliances being used. In addition to the

manufacture of aerated waters and ginger ale, raspberry vinegar is

prepared from a special class of berries, grown in the firm's own

gardens at Craigavad, County Down. The number of workpeople

employed is 150.

THE ULSTER SPINNING CO.,

FALLS MILLS.

These mills, founded in 1833, are situated in Falls Road ; and

are wholly driven by means of a triple-expansion engine, recently

erected by Messrs. Combe, Barbour, and Combe, whose works adjoin.

The engine was put in to replace three beam-engines, and the saving

effected by the change is over 50 tons of coal per week. The

cylinders are 19 inches, 29 inches, and 46 inches diameter, with
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3^ feet stroke. The engine is designed for 1,000 indicated horse-

power, but at present, running at 80 revolutions per minute, is

driving only about 700. The change in the motive power also

entailed a considerable change in its distribution, and the whole of

the shafts are now di'iven by ropes instead of by toothed gearing.

The power required to drive the engines and shafting has thereby

been slightly reduced, thus showing that properly designed ropes do

not absorb more power than toothed gear. The number of workpeople

employed is 1,219.

MESSES. MAECUS WAED AND CO.,

EOYAL ULSTEE PEINTING WOEKS.

These works were established early in the century for printing,

publishing, lithographing, book-binding, and the manufacture of

stationery; they were rebuilt in 1874 at Bankmore, not far from the

centre of the city. The building fronting the Dublin road is of

red brick with terra-cotta insertions ; the wide porch with pillars

of red polished granite has the royal arms elaborately carved within

the gothic arch. The front building is occupied with the sales and

order d6partments, where samples of the various manufactures are

on view.

The works extend backwards a considerable distance along the

side street, and form an angle with the building which runs parallel

to the Dublin road, the ground plan being J.-shaped. On the ground

floor all the heavy machinery of the letterpress and lithographic

printing departments is placed; the large area with its broad

glass-roofed side-aisles contains the printing machines arranged in

rows, all of the latest and best construction. The work turned out

is of the most varied kinds, from the largest pictorial posters to the

smaller sheets of elaborately finished Christmas cards, coloured

show-cards, trade labels, and commercial printing. The lithographic

department occupies one side of the floor space, and letterpress

printing the other ; on the ground floor is also the stereotyping and

electrotyping department.
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Tte entire block of buildings consists of five storeys, all of

wbieb are reached by a central fire-proof granite staircase for tbe

workpeople, while a steam lift is used for transferring goods from

one department to another. The first floor is occupied by the

counting-house, of&ces, and board-room ; also the artists' department,

which consists of one large room, running the entire length of the

building and facing the north, and occupied by the artists, designers^

illuminators, engravers, lithographers, and die sinkers. At an angle

with this room is the drying room for printed work ; and also the

compositors' room, situated immediately over the machine room,,

where the actual printing is done, with which it communicates by

separate stairs and by elevator.

On the floors above are carried on book-binding, manufacture and

preparation of stationery goods, enamelling, fancy -box making,

cardboard making, varnishing, and gelatining ; whilst the making up

of Christmas cards and other fine printed work employs a large

number of young women all the year round. An extensive business

forming an important department of the works is the manufacture

and preparation for the British and colonial markets, through their

houses in London, New York, and Sydney, of the royal Irish linen

and other writing papers. A considerable trade is carried on in

publishing literary, artistic, and educational works, and in the

manufacture of albums, diaries, leather goods, &c. The works-

occupy a floor space of about 4^ acres, and give employment to over

800 persons.

MESSES. WOEKMAN, CLAEK AND CO.,

SHIPBUILDING AND ENGINEEEING WOEKS.

The works of this firm consist of two ship-yards and the engine

works. The North Yard at Spencer basin, on the north side of the

river Lagan, was started in 1879, and the total tonnage turned out in

that year amounted to 600 tons. Now the combined areas of the

ship-yards and engine works amount to over 50 acres, and the total

launched in 1895 was 43,723 tons, placing these works fourth in

the year's list for the United Kingdom. Besides a commodious set
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of offices, the Spencer Basin yard contains alltlie most modern tools

and appliances for building vessels of the highest class, examples

of which can be seen on the slips and at the finishing berth alongside

the yard. There is also a large caisson in course of construction

for the government.

The South Yard in Queen's Eoad was acquired in 1893 and

contains about 13 acres. It has great facilities for launching, and

is conveniently placed as regards the public graving dock and

fitting-out berths. The engine works, erected in 1891, consist of

pattern shop, smiths' shop and forge, fitting, turning, erecting, and

boiler shops ; the last is at present undergoing enlargement. In

every department the largest and most modern machine-tools have-

been provided. The erecting shop is of such height that the largest

modern marine engines can be erected on the floor, without having

recourse to the ordinary engine-shop pit. The number of men

employed in the ship-yards and engine works is about 3,500.

YOEK STEEET FLAX SPINNING AND
WEAVING WOEKS.

These mills, situated in almost the centre of the city, were

founded in 1830 by the late Mr. Andrew MulhoUand, from whose

son, the late Lord Dunleath, and his partner, Mr. O. B. Graham,

they were purchased by the present company in 1864. They were

the first works of the kind in Ireland ; and having since been

increased by the purchase of another flax-spinning mill and a bleach-

green, the company are now able to carry on all the manufacturing

operations required for converting the raw flax into finished linen.

The works occupy an area of 786 feet length by 221 feet width,

or about four acres, extending from York Street on the east to North

Queen Street on the west, and from Henry Street on the south to

Sussex Street on the north. The central part of the west end, a fire-

proof building of eight storeys, occupies a space of 124 feet length by

50 feet width. In it are stored flax, tow, dressed line, brown cloth, &c.

The roof forms a cistern, supplying hydrants in the lobbies.
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The south wing, 72 feet by 40 feet, has five storeys, and contains

hydraulic presses, crane pumps, and gas-engine to drive them. The

Qorth wing, 229 feet by 46 feet, has sis storeys, and is fire-

proof. This is the preparing mill. The first storey is used for tow

carding and jjreparing ; the second, third, and fourth for flax

or line preparing, which includes spreading, drawing, and roving;

the fifth storey for machine hackling ; and the sixth for hand

liackling and sorting. The east end communicates with the

•spinning mill by stairs and hoists through a building, 26 feet by

16 feet wide, of six storeys, which are used as stores, with the

engineers' shop on the first floor.

The spinning mill is 221 feet length by 42 feet width, and the

first storey is used for hackle-makers' shops, engineers' stores, wood-

turning and fluting shop, weaving, beetling, cropping, and lapping

Fooms. The next four storeys are utilised as wet-spinning rooms,

which contain 34,000 spindles ; and the sixth is a reeling-room, from

which there is a wire tramway to the drying loft on the third floor

of the boiler houses.

On the south side are three buildings occupied as offices, sale-

rooms, yarn stores, and stock and lapping rooms. In the quadrangle

are eight Lancashire boilers and three beam-engines with Corliss

valves. One engine, with 35-inch cylinder and 5 feet stroke, making

45 revolutions per minute, drives the preparing mill. The two

others, with 35-inch cylinders and 7 feet stroke, making 32

Tevolutions a minute, drive the spinning mill. For driving the

weaving factory and heavy finishing machinery there are four

Lancashire boilers supplying steam to two beam-engines, with

38-inch cylinders and 7 feet stroke, which have wrought-iron beams

and Corliss valves, and make 29 revolutions per minute. They drive

two main shafts direct from the fly-wheel.

At the south-east corner is a five-storey building, in which the

ifirst floor is used for weaving, the second for pirn winding, the third

for yarn dressing and beaming, the fourth for hank winding, and

the fifth floor for dressing. Adjoining is another building with

similar accommodation. In an adjacent building the first floor is

used as a drawing-in shop and beam stock-room ; and the second
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floor as a cloth-passing room, from whicli a carrying band conveys

cloth 138 feet to cropping machines on the first floor of the spinning

mill. The weaving sheds contain 1,000 looms for plain and damask

linens. Bleaching is carried on at Muckamore, county Antrim.

The manufactures include fronting linens of different qualities^

interlinings, printed linen shirtings, dress linens and lawns, &c.,

towels, hoUands, handkerchiefs, sheetings, damasks, &c., and various,

goods for the West Indies and Spanish colonies, such as creas,

platillas, bretanas, silesias, irlandas, &c. Besides 4,500 regular

workpeople employed, large numbers are also engaged in the

country in embroidery and fancy work, and also on the bleach-

green.
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PROCBEDINGIS.

November 1896.

The Autumn Meeting of the Institution was held in the rooms

of the Institution of Civil Engineers, London, on Wednesday,

4th November 1896, at Half-past Seven o'clock p.m. ; E. Windsor

Richards, Est^., President,, in the chair.

The Minutes of the previous Meeting were read, approved, and

signed by the President.

The President announced that the Council had decided to mark

their appreciation of the valued aid received from the Honorary

Secretaries at the recent successful Summer Meeting in Belfast, by

presenting a Silver Salver, suitably inscribed, to Mr. Bowman

Malcolm, to Mr. A. Basil Wilson, and to Mr. Eobert Meyer. The

salvers were now on the table for inspection by the Members.

The President announced that the Ballot Lists for the election

of New Members had been opened by a committee of the Council,

and that the following forty-four candidates were found to be duly

elected :

—

members.

BuRSTALL, Frederic William, .

Claremont, Ernest Alexander,

Clark, Thomas Forster, .

Cowdell, Henry Charles,

Graham, Robert, . . ' .

Birmingham.

Manchester.

London.

Cradley Heath.

Ponce, Porto Rico.

2 t
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Handtside, Charles Baird,

HiGBT, Egbert George,

Hitchcock, Cyril, .

HoTTSE, Henry Alonzo,

Markwick, Alfred Ernest,

Mereifield, Leonard Lancaster,

Sennett, Alfred Eichard,

Smith, Eoger Thomas,

Spencer, Charles James, .

Tickner, Eichard, .

associate members.

Abella, Juan,

Adams, George,

Bremner-Davis, William Joseph,

COMERFORD, EdWARD,

Davis, Francis Myddleton,

DowsoN, Erasmus Charles Head,

Garratt, Herbert Alfred,

IssiGONis, George Demos, .

Johnson, Andrew, .

LovELL, Samuel George, .

MiTTON, Thomas Evans, .

MoNCRiEFF, Egbert Wighton, .

Parker, John,

Pendred, Loughnan St. Lawrence,

EOTHERY, WiLLIAJI BrOCKBANK, .

Swallow, John,

Turner, James William, .

associates.

HuTTON, William,

King, Benjamin Thomas, .

Lemkes, Carl Eudolf Lewin.

Marshall, Lewis, .

Naylor, Sam, .

Sangster, William Skene,

London.

Sitarampur.

Lahore.

Bridgeport, U.S.

Karachi.

London.

London.

Antwerj).

London.

Karaclii.

Buenos Aires.

London.

Manchester.

Liverpool.

Elizabethgrad.

Toronto.

London.

Smyrna.

Glasgow.

London.

Birmingham.

Northampton.

Manchester.

London.

Kirkby-in-Furness.

St. Helen's.

London.

Johannesburg.

London.

Glasgow.

Halifax.

Halifax.

Lima.
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graduates

Edwards, James George Benjamin,

FiEGEHEN, Edward George,

Humphrey, Frederick George,

Knight, Stephenson Yates,

Williams, Llewellyn Wynn,

WiNLAw, William Willoughby,

Grimsby.

Bedford.

Sevenoaks.

London.

Glasgow.

Newcastle-on-Tyne.

The President announced that, in accordance with the Rules of

the Institution, the President, two Vice-Presidents, and five Members

of Council, would retire at the ensuing Annual General Meeting
;

and the list of those retiriug was as follows :
—

president.

E. Windsor Eichards. Low Moor.

vice-presidents.

Edward P. Martin, .

J. Hartley Wicksteed,

Dowlais.

Leeds.

members of council.

Benjamin A. Dobson, ....
Henry D. Marshall, ....
James Platt, ......
T. Hurry Eiches, .....
Sir William H. White, K.C.B., LL.D., F.R.S.,

Bolton.

Gainsborough.

Gloucester.

Cardiff.

London.

All of the above offered themselves for re-election.

The following nominations had also been made by the Council

for the election at the Annual General Meeting :

—

Election

as Member.
members of council.

1875. Edward B. Ellington,

1876. Louis Sterne,

1876. John I. Thornycroft, F.E.S., .

London.

London.

London.

2 T 2
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The President reminded the Meeting that according to the

Rules of the Institution any Member or Associate Member was

now entitled to add to the list of candidates.

No other names being added, the President announced that the

foregoing would constitute the nomination list for the election of

officers at the Annual General Meeting.

The following Papers were then read and discussed :

—

^' Eesearch Committee on the Value of the Steam-jacket

;

Experiment on a Locomotive Engine." By Professor

T. Hudson Beaee, F.E.S.E., and Mr. Bkyan Donkin.

" Transmission of Heat from Surface Condensation through Metal

Cylinders." By Lt.-Colonel English and Mr. Bryan

Donkin.

At a Quarter to Ten o'clock the Meeting was adjourned to

the following evening. The attendance was 86 Members and

60 Visitors.

The Adjourned Meeting was held at the Institution of Civil

Engineers, London, on Thursday, 5th November 1896, at Half-past

Seven o'clock p.m. ; E, Windsor Eichards, Esq., President, in the

chair.

The following Paper was read and discussed :

—

" Breakdowns of Stationary Steam-Engines." By Mr. Michael

LoNGRiDGE, of Manchester.
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On the motion of tlie President a vote of thanks was unanimously
passed to the Institution of Civil Engineers for their kindness in

allowing the use of their rooms for the Meeting of this Institution.

The Meeting then terminated at a Quarter to Ten o'clock. The
attendance was 70 Members and 62 Visitors.
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EESEAECH COMMITTEE

OX THE VALUE OF TBE STEAM-JACKET.

Mn. HEXEY DAVEY, Chairman.

Xo. 66. ESPERDIENT ON A LOCOJIOTIVE EnGINE,

By Professor T. HrcsoN Beare and Mr. Bryan Donkin.

Object of Experiment.—The object of this experiment was to

ascertain the advantage gained by jacketing the cylinders of a

locomotive engine. The trials were undertaken, and carried out

on the Lancashire and Yorkshire Eailway, at the suggestion of

Mr. John A. F. Aspinall, Chief Mechanical Engineer, who gave

every assistance to the experimenters. The latter were on the

locomotive during the trials, as well as several assistants who were

taking indicator diagrams and other data.

Owing to the fact that these trials were carried out on a

locomotive doing its ordinary train service, it was impossible to

obtain results as complete and thorough as would have been aimed

at, had the experimenters been able to make the trials on a special

train, the working of which could have been arranged to meet the

necessities of the experiment. The trials were of short duration,

and the condition of the fires at the start and the finish of each had

to be determined by the necessities of the traffic requirements, and

could not therefore be varied to suit the wishes of the experimenters.

The consumption of steam was obtained with a close approach to

absolute accuracy ; but the same cannot be said respecting the fuel

consumption, owing to the above circumstance with regard to the

condition of the fires. The results obtained are therefore not such

as will enable any definite conclusions to be drawn as to the

value of the steam-jacket in locomotives. They are nevertheless

interesting and valuable ; and having involved considerable trouble
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on the part both of the experimenters during the trials and of

Mr. Aspinall in the preparation of the engine for the experiment,

it has been thought advisable to publish them for the use of the

Members.

Description of Engine.—The experiment was made on a passenger

locomotive, No. 1093, during its regular work of taking the 7.30 a.m.

express train from Manchester to York, a distance of 76 i miles, and

returning with the 3.0 ]).m.. express from York to Manchester.

Both engine and tender are the ordinary standard pattern of this

railway. As illustrated in Plates 107 to 110, the engine is a four-

wheel coupled with bogie truck, the driving wheels being 7 ft. 1 in.

diameter and the bogie wheels 3 ft. 0^ in. The cylinders are inside

and horizontal, with their valve-chests on the top. The engine

wheel-base is 21 ft. 6i ins., and the total wheel-base of engine and

tender 41 ft. 1^ ins. The weight of engine and tender when empty

is 56-287 tons, and when in working order 70*925 tons, the tender

carrying 1,800 gallons of water. The boiler is of steel, 4 ft. 2 ins.

diameter and 10 ft. 7|ins. long; the fire-box shell of steel, and the

fire-box of copper, 6 ft. long, 4 ft. 1 in. wide, and 5 ft. 10 ins. high.

There are 220 tubes of If inch outside diameter. The heating surface

in the tubes is 1,108 "73 sq.ft., and in the fire-box 107*68 sq. ft.;

total 1,216-41 sq. ft. The fire-grate area is 18 • 75 sq. ft., the ratio

of heating surface to grate area being 65 to 1. The fire-brick arch

in the combustion chamber is about 2^ ft. long. The height of the

chimney above the fire-grate level is 10 ft.

The cylinders were originally of the normal pattern, 19 inches

diameter and 26 inches stroke. For this experiment they had been

bored out and fitted with cast-iron liners, which reduced the internal

diameter to 17^ inches, thus providing a body jacket of 3-8ths inch

space. The front cylinder covers were fitted with external covers,

the space between the two forming a steam-jacket. The back covers

however were imperfectly jacketed by fitting over them, as close to the

actual covers as possible, an annular wrought-iron ring with an inner

and an outer cover, the space between the two latter forming a jacket

space. The external surfaces of the end jackets were much exposed,
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and not well covered. In the diagrams Figs. 7 to 9, Plates 111 and

112, are shown sectional views of the cylinders as thus fitted with

their jackets.

In Table 1 (page 473) are shown the clearance volumes of the

cylinders, and the jacketed and unjacketed internal surfaces exposed

to steam in the clearances alone, and also in the clearances and

cylinders at 90 per cent, of the stroke. It will be seen that the

proportion of the clearance surface jacketed is only about a quarter

of the whole, and this is mainly due to the cover jackets ; of the

back ends therefore a large part is hardly jacketed at all, in the true

sense of the word.

Description of Trials.—Four trials were made, lettered A B C D,

on 18th and 19th September 1894 : A unjacketed and B jacketed on

the 18th ; C jacketed and D unjacketed on the 19th. A and C were

made on the runs from Manchester to York, and B and D on the

return runs from York to Manchester. See Tables 2 and 3,

pages 474-7.

Ohservations.—In each trial the weights of coal and feed-water

consumed were measured, and readings of the various gauges were

taken, and the position of the reversing gear was noted. Indicator

diagrams were obtained, and in trials C and D samples of the

furnace gases were collected from the smoke-box below the exhaust

pipe.

Coal.—The coal used in the trials was from the Mitchell Main

Colliery, Wombwell, near Barnsley. Samples were taken from each

sack used, and were submitted to ]\Ir. Charles J. Wilson for

deteiTQining the calorific value in a calorimeter. The mean value

from his tests was 14,200 thermal units per pound of dry coal,

equivalent to an evaporation of 14 '7 lbs. of water from and at

212^ Fahr. The coal was placed on the tender in sacks holding

200 lbs. each ; and the time of emptying each sack upon the footi)late

was noted, as well as the total weights. An attempt was made to

have the fire in the same condition at the end of each run as at the
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start ; but it was difficult to carry out this arrangement, since the trials

were made during ordinary runs, and could not be allowed to interfere

in any way with the regular working of the traffic. The gradients at

the two ends of the journey are difierent, as seen in the profile of the

line, Fig. 16, Plate 115 ; and different fires were therefore needed to

ensure adequate steam at the beginning and end of each run.

The ashes and clinkers from the smoke-bos and fire-box were

weighed off at the end of each run, but those in the ashpan were

weighed only at the end of each double journey. As each trial

lasted only about two hours, errors introduced by variation in the

condition of the fire might be thought to bear rather a large

proportion to the total coal consumption ; but, bearing in mind the

rapidity of consumption, amounting to about 50 or 60 lbs. per sc[uare

foot of grate per hour, this was probably not the case.

The actual coal consumption per indicated horse-power per hour

of steaming time in the four journeys was respectively 2*87, 3 "07,

2-73, and 2-79 lbs. In Fig. 10, Plate 112, is plotted the coal

consumption in each of the four trials.

Furnace Gases and Temperatures.—On the first day no attempt

was made to collect the gases ; and as the thermometer for taking

their temperature had been fixed above the blast-pipe orifice,

Plates 109 and 110, it was not thought worth while to note its

readings. On the second day the gases were collected continuously

;

but the thermometer, placed in a better position, unfortunately broke

almost immediately after leavingManchester, so that the temperatures

could not be ascertained.

The difficult operation of collecting the gases while going at

exj)ress speed was carried out by Mr. Michael Longridge. They

were drawn off" through a ^-inch copper pipe, and then through a

rubber pipe into a gasometer containing water, whilst a branch pipe

led to a collecting bottle filled with mercury. After drawing off' all

the air in the pipe connections, the cock on the branch was opened,

80 that part of the current of waste gases passing to the gasometer

could be diverted and collected by displacement over mercury in

the collecting bottle. During the outward journey C much trouble
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was experienced, owing to the heavy chironey-blast ; but in the return

journey D everything worked quite satisfactorily.

The mean results of the three analyses made from the sample

collected on each journey are the following volumetric percentages :
—

trial C, carbonic acid 12*85 per cent., oxygen 4 '15, carbonic oxide

• 80, nitrogen 82 • 20 ; trial D, carbonic acid 15-10, oxygen 1-97,

carbonic oxide 0'85, nitrogen 82-08 per cent.

Feed Water.—As arranged by Mr. Aspinall, the feed-water was

measured by means of a Siemens water meter M on the pipe between

the tender and the injector. Figs. 2 and 4, Plates 107 and 108. It

was originally intended to have a means ofmaking direct measurement

of the feed-water ; but he had not been able to carry out the necessary

arrangements. The meter was read at the time of starting from

each station, and thus a fair approximation to the rate of consumption

was obtained, as well as the total quantity. The overflow from the

injector was caught and allowed for.

After the trials were over, the meter was sent to University

College, London, and tested there by Professor Beare at rates of flow

similar to those in the trials. The error was somewhat variable, but

the meter was found to be registering on the average 2 • 6 per cent,

too low. In order to be able to correct for differences of level in

the boiler, the quantity passing through the meter to raise the level

in the gauge glasses one inch, for each inch in their height with

the engine standing under full steam, was determined by Mr. Donkin

after the trials.

Steam-Jacliet Water.—The jackets were drained into th.ee small

tanks T, Figs. 1 and 5, Plates 107 and 109, carried upon a temporary

staging on the front of the engine ; one measurement was made for

the two body jackets together, another for the two front covers, and

a third for the two back covers. While standing at York on each

day radiation tests were made, by measuring the quantity of steam

condensed in each pair of jackets with the engine standing, all hot

;

these lasted 2^ hours on the first day, and Ih hours on the tjocond.

The following were the results obtained :

—
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Condensation of Steam in JacJcets, lbs. per hour.

While running. While standing.

Sep. 18, B. gep. 19,C. Sep. IS. Sep. 19.

Two Body Jackets . 267 241 35-0 26-7

Two Front Covers . 123 103 16-0 13-7

Two Back Covers . 65 55 12 15-8

Times, Pressures, &c.—The times of passing all tlie stations were

noted ; and also tlie times during -svLich the steam was shut oflf, in

order to determine the actual running time and the actual steaming

time in each trial. Whenever a set of indicator diagrams was taken,

a note was made of the boiler pressure, of the pressure in the

jackets, of the position of the reversing gear, and also of the gradient

and mileage.

Indicator Diagrams.—These were taken simultaneously from

both ends of each cylinder ; those nearest the mean in each of the

four trials are shown in Figs. 11 to 14, Plates 113 and 114. The

springs of the indicators xxsed were not tested for errors, since these

would not affect the comparative results of the four trials. In Tables

4 to 7 (pages 478-481) are given the times of taking the diagrams, and

also the speed of train and other particulars. Unfortunately no counter

was fixed for the trials, as had been intended. The speed in miles per

hour was continuously registered by a Boyer speed recorder R,

Figs. 2 and 6, Plates 107 and 110, kindly lent by Mr. Aspinall, upon a

paper wound on a drum which was driven from the rear bogie axle.

A diagram of the curves obtained is shown in Fig. 15, Plate 115.

If this instrument recorded correctly, the circumference of the

driving wheels being known and all slip neglected, the revolutions

per minute of the driving wheels can be calculated. An attempt was

made to count the revolutions at the time the diagrams were being

taken ; but it was found impossible to do this correctly at the high

speeds. After much deliberation, it was decided to make a series of

tests of the Boyer recorder, by driving it at known speeds, in or3cr

that any errors in the diagram it recorded might be ascertained.

This was afterwards done by Mr. Donkin, and details of the method
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of testing are given in the ajii^endix, page 482 ; tlie errors being

plotted on a speed base, the error at any speed can easily be ascertained,

la Tables 4 to 7 the revolutions per minute are the corrected values,

while the miles per hour are the speeds actually registered by the

recorder, and are therefore on the average some 2 or 3 per cent, too

low. The indicated horse-power given in the tables is calculated

from the revolutions obtained from the recorder, after correction for

the error ascertained by the testing. Had a counter been fixed, it

would have saved 'much trouble, and would have been much more

satisfactory.

General Results.—Tables 2 and 3 (pages 474-477) give the

mean results of all the important observations. Comparing trials A
and C, both from Manchester to York, the jacketed trial C shows a

consumption of 24*49 lbs. of steam per I.H.P. per hour, Table 3,

line 16, against 26 '70 lbs. for the non-jacketed run A, or a saving of

8 • 3 per cent, by jacketing. Comparing trials B and D, both from

York to Manchester, the figures are 24 • 48 and 24 • 87 lbs. respectively,

or a saving of 1 • 5 per cent, by jacketing. Comparing the figures for

coal consumption in trials A and C, Table 2, line 17, the jacketed

trial C shows an economy of 0*14 lb. per horse-power per hour, or

practically 5 per cent., the increased consumption per train-mile in

this run being accounted for by the greater load hauled ; the load

was 8 per cent, greater in C than in A, the average speed being

nearly the same in both runs. Comparing trials B and D however,

the jacketed trial B is distinctly less economical, the coal consumption

being 0*28 lb. greater per horse-power per hour than in the non-

jacketed trial, or 10 per cent, more ; and the consumj)tion is also

greater per train-mile. In these two trials, while the weight of train

hauled was the same, the speed was nearly 3 miles an hour greater

in the non-jacketed run D, with a correspondingly much increased

horse-powfr.
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TABLE 1.

—

E)2giiie Dimensions.

Diameters of Cylinders, 1 right . inches 17-543

taken hot. (left inches 17-559

Diameter of Piston-rods .... inches 2-95

j
right .

Mean Areas of Pistons <

( left .

square inches

square inches

238-31

238-76

Stroke of Pistons...... inches 26

Diameter of Driving Wheels on tread inches 85

Cylinder constants for indicated horse- "j

right . LH.P.
power per lb. of mean effective

left . LHP.

0-031293

0-031352

pressure at 1 revolution per minute

/ front.... . cubic foot 0-293

Clearance Volumes* back.... . cubic foot 0-247

mean . cubic foot 0-270

Mean Clearance Volume in inches of stroke . inches 1-96

" • " '° '"'ngllS^n" }
P«-"- 7-52

Volume of Steam at 90 per cent of stroke,
j

> . cubic feet

mean of both cylinders, including clearance )

3-500

Internal Surfaces exposed to Steam.

Mean of both cylinders and of front and back Jacketed
Non

Jacketed
T«*^l-

[square feet

Clearance . . . . <.

I
per cent.

2-56

27-4

6-7

72-6

3 !
9-34

' 100-0

Clearance plus Cylinder (square feet 10-46 8-1 i 18-64

at 90 per cent, of stroke . ( per cent. 56-1 43-9 1000

Mean of both cylinders, obtained by filling with water

the calculated volumes came 2 per cent, higher.
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APPENDIX.

Testwg of Boyer Speed Recorder.

The instrument used in tlie trials was afterwards tested at

Bermoudsey by Mr. Doukin in October 1894. It was driven by a

small vertical engine, on tbe crank-sbaft of wbicb was a counter. The

instrument is so constructed that when it is driven at 600 revolutions

j)er minute the pencil should record a speed of 60 miles per hour on

the j)aper. The circumference of the driving jiuUey on the instrument

was 17*75 ins., and that of the engine jnilley 44 • 75 ins., or a ratio of

1"000 to 2*521. The recorder being driven by a steel wire without

slip, the revolutions per minute of the engine multij)lied by 2*521

give the revolutions per minute of the recorder ; and these divided by

10 give the calculated speed in miles per hour which the recorder

should register. The difterence between this calculated speed and

the speed actually registered by the recorder is the error of the

instrimient. Altogether some fifteen tests were made, each of five

minutes duration, during which the mean speed of the engine was

taken by the counter, and compared with the mean speed registered

by the recorder. The results of the tests showed that at about

15 miles per hour the instrument recorded about 10 per cent, too

high, at 40 miles it recorded correctly, and at 60 to 80 miles per

hour 4 per cent, too low. The errors when plotted on a base of

speed form a regular curve, from which the following " corrections

have been taken :

—

Speed, miles per hour . . 15 20 25 30 35 40 45 50 55 60 65

-r. t-n ^ , flO 7* 5i 3i U) n f
too loio \Error of Eecorder, per cent.

| \oohigh- "/MlJ ^ ^i i 4J
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Mr. John A. F. Aspinall, Member of Council, drew attention to

tli3 fact that the experimeuts described in the paper were tried aa

far back as September 1894. On the whole they were of value, he

thought, rather because they served to show what ought to be done

in any future experiments, than as having any immediate practical

results. Before the experiments were tried by Professor Beare and

Mr. Donkin, a number of runs had been made with the engine, and the

figures then obtained agreed generally with those given in the paper.

But the trials were a matter of great difficulty. The engine had to

have three sets of measuring tanks in front of it, connected with the

different steam-jackets ; and all three had to be carefully watched,

together with the indicators, the different pressure-gauges, the

water-gauge registering the vacuum in the smoke-box, the

water-meter between the engine and tender, and various other

instruments ; and at least half a dozen observers had to hang on as

carefully as they could, while the engine was going at a considerable

speed. It would thus be seen what real difficulty there was in

conducting experiments of this kind, such as was not experienced

with an ordinary stationary engine. Such experiments ought indeed

to be tried upon a line going through a district where there were

not many signals and not much to trouble the driver ; and not upon

such a line as that on which the present trials had been made, where

on 500 miles of railway there were no less than 800 signal boxes.

With the remark in page 466, about the condition of the fires not

suiting the wishes of the experimenters, he did not altogether agree.

The conditions of the experiments he held ought not to be varied to

suit the wishes of the experimenters, but the latter should accept the

ordinary conditions of locomotive running ; because the object was

to see whether putting steam-jackets uj)on an engine was of any

advantage or not, and the commercial advantage would be proved by

the engine doing well under ordinary conditions of running.

Again, the figures given in i^age 469 for the coal consumj)tion j)er

indicated horse-power per hour of steaming time in the four several

journeys, he thought could not be taken as reliable. This opinion



484 VALUE OF STEAM-JACKET. Xov. 1896.

(Mr. John A. F. Aspinall.)

lie held without thereby casting any reflection upon the observers,

to whom his thanks were due for the way in which they had

conducted the experiments : but simply because it had been found

immediately after the trials that the indicator diagrams exhibited

—

and bad diagrams indeed it would be agreed they were—had been

made of the shape shown on account of the presence of water in the

indicator pipes. That had been a source of endless trouble. Eecently

he had been trying some exi^eriments with indicators put right on the

ends of the cylinders, with the shortest possible steam-pipes. The

area of the diagrams so taken was thereby increased largely, and the

initial pressure approached almost exactly to the steam-chest

pressure or the boiler pressure. The result of the inaccuracy of the

indicator diagrams which accompanied the paper was that the figures

deduced from them in the paper were perforce inaccurate also.

In page 470 it was mentioned that it had originally been intended

to have a means of making direct measurement of the feed-water,

but that he himself had not been able to carry out the necessary

arrangements. The original idea of the experimenters, so far as he

remembered, had been that the tender should be marked off with

horizontal lines to show the number of gallons it contained for each

inch of depth ; and that; the consumption of water should be

read off in that way. But a meter he thought was a much better

and a much more positive way of ascertaining it than by trying to

measure the water in the tender, because of the surging backwards

and forwards which took place when the engine was running.

Moreover the latter method was rendered more difficult, because

water had to be picked up from track troughs more than once on each

journey.

From page 471 it appeared that the experimenters would have

jjreferred a counter, instead of a Boyer speed recorder. The latter

however, enabling the speed to be seen at the instant of taking the

indicator diagrams, he thought was a better instrument thau a

counter, which counted the revolutions not only during the short

time of taking the diagrams, but also for a long time before and after

they were taken, and from which therefore only a mean result could

be obtained. If the Boyer recorder had been used in the way in
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which he thought it could have been, it would have been easy for

one of the observers to mark at once upon it the times at which the

diagrams were taken, and thereby the speed would have been exactly

recorded.

The remarks he had already made with regard to the figures of

coal consumption in page 469 applied also to those in page 472, which

were vitiated by the inaccuracy of the indicator diagrams ; and he

was reminded of a saying that, next to an ammeter, no instrument

could give such false results as a steam-engine indicator.

The engine had continued running with the steam-jackets since

the experiments had been tried, and on the whole it had shown

economy ; but he was not yet prepared to say what the actual

economy was, because all such matters required to be tried with the

greatest possible care. It was so difficult to be certain as to the

results obtained from a single locomotive, that in experiments of this

kind, when the figures seemed to point to success, he was always

tempted to doubt them more than ever, because it was necessary to

take into consideration questions of load, of wind and weather, and

of other matters, which never arose with a stationary engine. While

he thought there Had been an economy in the use of the steam-

jackets, he might mention that in some other experiments, in which

he had tried drawing the hot smoke-box gases round the cylinders,

whereby the temperature in the jackets rose as high as about 470°

Fahr., he had met with contrary results, and had not got the

economy he had expected. He therefore looked upon all the

experiments tried up to the jiresent time as only indicating how

much more care ought still to be taken, before it could be stated

positively that the results were good.

Mr. David Joy mentioned that from experiments made on the

Aberdeen steamship, which had been carefully carried out and

reported to the Institution of Naval Architects (Transactions 1882,

vol. xxiii, j)age 33), no definite conclusion could be arrived at ; they

had been much like the present experiments in not showing which

way the result was—whether there was any advantage or not in

steam-jacketing.
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Mr. Samuel W. Johxsox, Vice-President, enquired whether,

notwithstanding the admitted unreliability of the trials recorded,

the use of steam-jackets had so far commended itself to Mr. Aspinall

that he contemplated altering all his engines to it. No doubt the

difficulties of making such experiments were great ; and it seemed to

him that the results of those recorded in the paper must necessarily

be unreliable. The statement of steam and coal consumption in

page 472 he thought was rather misleading, because the differences in

load and speed and other conditions would themselves be sufficient

to make all the difference in consumption. In trials of this kind on

a railway the great difficulty lay in getting the engine making the

experiments to take a train under precisely the same conditions in

the successive trials. The value of the steam-jacket on a locomotive

engine he thought was perhaps small, compared with the ordinary

method of keeping the cylinders warm either by the hot-air of the

smoke-box or by a wood lagging, or by simply a lagging of sheet-

iron with a sjiace of air between.

Mr. Michael Loxgkidge, while agreeing that the paper was

certainly to some extent a record of failure to ascertain facts, thought

there were great excuses to be made for the failure ; for no one who

had not made a locomotive trial could have any conception of what

the difficulties really were. Nevertheless he considered the paper

valuable, because he thought it taught an important lesson. "With

regard to the value of the steam-jacket, he was afraid it told

absolutely nothing. It was quite true that in the first pair of trials

compared in page 472, A and C, there was a difference of.8 • 3 per cent,

in the steam consumj)tion, in favour of jacketing ; but he was afraid

that this was rather due to errors of observation than an absolute

fact, for in trials B and D the saving was only 1 • 5 per cent. If it

was considered that the engine was running almost in the same way,

and at nearly the same load, and over the same line, there was no

apparent reason why the steam consumption should be 7 per cent,

greater in the one case than in the other. Then going a stej) further,

and looking at the quantity of steam used in comparison with the

coal burnt, it would be noticed that on the first day the rate of
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eyaporation must have been such as could hardly be credited. From

line 26 in Table 2 it would seem as though in trial A there had been

an evaporation of 11*28 lbs. of water per pound of coal ; but this did

not at all represent the real fact, because from line 20 it would be

seen that in the two trials on that day the weight of the ashes and

clinkers taken out of the ashpan and fire-box and smoke-box

amounted to 17*6 per cent, in trial A and 22*9 per cent, in trial B.

These figures however did not represent exactly the facts, because,

as stated in page 469, the ashes from the ashpan were weighed only

at the end of each double journey: so that on the whole it might be

said that the ash made was about 20 per cent, in each trial, cr

about one-fifth of the entire weight of coal was taken out in ashes.

If this were deducted, it would be found that there was an

evaporation of 14*1 lbs. of water per pound of coal, which according

to page 46S would be equivalent altogether to only 600 thermal

units less than the total value of the coal, thus leaving only 600

units for the losses by imperfect combustion, radiation, and coal

blown out of the chimney : which last he was sure was no

inconsiderable quantity, for he had watched the chimney carefully

himself, being in front of the engine all the time. It seemed

therefore doubtful whether the reported water consumption of

26 • 7 lbs. per I.H.P. i)er hour iu trial A was at all reliable

;

he was inclined to think it was over-estimated, and that the

consumption was probably much the same in all the trials. With

regard to the boiler moreover, it was difficult to rely upon the

results exactly, because the quantity of coal in the fire-box at the

beginning and at the end of the trial might easily have difiered by

an apj)reciable quantity without its being perceived. In a locomotive

fire-box it was difficult, he thought, to estimate the thickness of the

fire to within sis inches ; and if that were the case, the fire-box of the

engine tried would hold some 270 lbs. of incandescent fuel in a

thickness of six inches, which was about 12 per cent, of the total

consumption of coal in each trial. But whether the results were

reliable or not, their general tendency was to show a rate of

evaporation far higher than was generally obtained in stationary

boilers. On working out the figures he had found that the heat put
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into the water per pound of coal was 10,400 units. The heat

equivalent of the unburnt carbon in the ashes he estimated at

1,400 units ; for he was sure from what he knew of the coal used

that it did not contain more than 7 per cent, of ash, and he had

accordingly taken as unburnt carbon the difference between this

7 per cent, and the 17 per cent, mentioned in the paper. The

imperfect combustion shown by the production of carbonic oxide,

which he presumed was taking place while the engine was running

without steam and with a thick fire, would cause a loss ot

about 400 units ; and the mean quantity of heat taken up the

chimney—assuming the temperature to be 800^ F., which he thought

it probably was, since it burst the thermometer, notwithstanding

Mr. Aspinall's statement (page 485) of only 470°—would account

for 2,500 units more. Altogether therefore 14,700 units would

seem to have been got out of coal containing only 14,200. All this

seemed to him to point indubitably to one fact, namely a considerable

amount of priming. The lesson therefore which the trials taught

was that, instead of putting steam-jackets on locomotive cylinders,

a superheater ought to be put in the smoke-box. If this were done,

and the priming water were turned into steam, he thought there would

be a considerable economy, with little more weight to be carried

than by sceam-jacketing the cylinders.

Mr. AsPiNALL explained that the 470° F., which he had

mentioned having obtained in the jackets from the hot smoke-box

gases, had no relation to these particular experiments ; it was only

the result of some temperature measurements in another instance.

No doubt Mr. Longridge's estimate of 800° was much nearer the

mark for the temperature of the smoke-box in the experiments

reported.

Mr. JoHxsoN quite agreed with Mr. Longridge that it would be

well if a locomotive could be tried with steam superheated. That

there was some economy in steam-jacketed cylinders he did not in

any way deny ; but in a locomotive he was satisfied that it must be

only a small percentage. A great deal of the difference in A\ater
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consumj)tion recorded in tlie tables arose lie tliouglit from saturated

steam or from priming. The amounts of water per pound of coal

burnt were in his opinion rather excessive ; and superheating would

tend greatly to do away with that source of loss.

Mr. Deuitt Halpix considered the locomotive evaporation,

commented upon by Mr. Longridge as so high, involved the

question not only of the economy but also of the rate of evaporation.

In a paper by his father, the late Mr. J. A. Longridge, eighteen years

ago (Proceedings Inst. C.E., 1878, vol. lii, page 101), it had been

shown conclusively that locomotive evaporations, both as to economy

and as to speed of evaporation, were unsurpassed in any other

boilers; the heat transmission was about 11 units i)er hour per

square foot of heating surface per degree of difference in temj)erature,

whereas in ordinary stationary boilers it was only about 5 or 6 units.

It had always seemed to him that this was to be accounted for to

a great extent by the fact that a locomotive boiler was in a condition

which no other boiler was in, except perhaps that of a torj^edo boat.

The chatter that went on was exceedingly favourable to rapidity

of heat transmission, from the fact that each nascent bubble of steam,

no matter how small, was jarred off" immediately it was formed ; and

the economy of evaporation was probably produced bj' the fact that

from the same cause the fire was kept in such a lively state that

each particle of carbon got its own proper particle of oxygen direct.

In these trials it would be noticed that there were water-traps as

well as tanks on the platform on the front of the engine ; but he did

not know whether it could be hoped that water-traj^s jjlaced above

the level of the steam-jackets and exposed to such joltiug would give

any reliable results ; of course if they had the effect of water-

jacketing the cylinders, the difference from steam-jacketing would be

great. The conflicting results reported were practically worthless

in respect of economy, as he thought might be exiDccted, because in

order to derive any good from steam-jackets there must be a

combination of two factors : namely difference of temjierature between

the cylinder and the jacket during the stroke, and time. There must

be a difference of temperature, and necessarily therefore a difference
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of pressure between tlie cylinder and the jacket during part at least of

the stroke ; and to some extent this condition seemed to have been

realised in the experiments ; the indicator diagrams might be right or

wrong in other respects, but they showed at any rate a difference of

pressure, and therefore a difference of temperature, for a good part of

the stroke. But the other important factor^—time—had been wanting
;

the pistons were running at 800 to 900 feet per minute, and at those

high speeds it did not matter what the expansion and the consequent

difference of temperature might be ; there was not time for the

transference of heat from the jacket to the cylinder to take place.

From all the experiments made it appeared to him that the indicator

diagrams were not of much use.

The consumption of 26^ lbs. of steam per I.H.P, per hour he

thought was too good a performance under the circumstances, and

that it must point to a great deal of priming. In the complete and

careful locomotive experiments made by Bausehinger for the Bavarian

government thirty years ago, working up hill and down dale, with

heavy load and light load, and with goods and passenger trains, the

average consumption of steam per I.H.P. per hour came to 27 lbs.

In the present experiments the engine had been working under

favourable conditions, with a good load and over a good road, and

had been carefully looked after in all respects ; but of course if the

indicator diagrams were wrong, the whole of the conclusions were

wrong. That the diagrams were wrong he was quits prepared to

believe, from what had been said by Mr. Aspinall (page 484), and from

what he had himself seen and known to be the consequence of using

small and long pipes to the indicators. On a former occasion

(Proceedings 1886, page 364) he had shown some diagrams which

proved that, when the indicator was placed direct upon the cylinder,

the chauge had resulted in an increase of no less than 38 per

cent, in the area of the indicator diagram obtained. Xo doubt the

same result would have followed in the diagrams now exhibited, if

the same change had been made in the way of using the indicators.

Mr. William Schonhetdeii thought it could hardly have been

expected, even before the exppriments were made, that any great
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economy would result from using steam-jackets on locomotive

cylinders, because the jacketed surface was far too small for keating

the large quantity of steam whick passed tkrougk tke cylinders in so

skort a time. Tke measurement of tke feed-water ke observed kad

been attempted by means of a water-meter of tke inferential kind,

wkick ke tkougkt was kardly good enougk for suck purjooses ;
for

many uses it was an excellent meter and sufficiently accurate, but ke

tkougkt not so for boiler experiments. Tke tests wkick kad been

made of it afterwards were mentioned in page 470 as having given

varying results, witk a mean error of 2 * 6 per cent, too low ; it would

be interesting to know wkat was tke maximum error. Moreover in

arranging a water-meter for accurately measuring boiler evaporation,

ke considered it skould never be placed on tke suction side of tke

feed-pump or injector, as kad been done in tkese trials, tkougk it

appeared tkere was a pressure upon tke suction side from tke tank
;

but according to tke speed of water tkrougk tke pij^e leading from tke

tender tank to tke meter, and tke size of tke pipe, it was quite

possible tkat, if any leak existed in tke pipe or tke joints, more or

less air migkt be drawn in, and in tkat way tke registration of the

meter might be vitiated. In these experiments it was possible the

pipe joints might have been made sound, and might have kept sound
;

but that was always an untrustworthy way of using a meter. It

should always be placed on the pressure or delivery side of the

injector or feed-pump : though of course there might not be much

room in the locomotive for placing it in tkat position.

Mr. Henrt M. Eottnthwaite noticed tke absence of any record of

tke temperature of tke external air, or (except in Table 6) of tke

force or direction of tke wind, or wketker tkere was rain falling, or

kow tke weatker was in otker respects at tke time of tke trials
;

tkese were points wkick ke tkougkt kad an important bearing upon

tke result in tke trial of a locomotive. Tken again tke cylinder

witk tke liner in it, wken working witkout any steam in tke space

between tke liner and tke cylinder, was not in tke same condition

as an ordinary unjacketed cylinder. Including tke liner tkere

was tkicker metal, not quite twice as tkick ; and tkere was tke
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air-jacket between. Even if tlie air were taken to be of no value as a

non-conductor, there were two extra surfaces of metal ; and in the

passage of heat through metals by radiation the great resistance was

at the surfaces, in passing from metal to air and again from air to

metal. The experiments he therefore thought could not be expected

to show the same difference between jacketing and non-jacketing as

if in the latter case an ordinary cylinder had been tried without the

liner. The arrangement actually tried showed a gain of say 6 or 8

jier cent, by jacketing ; but, had the liner been absent on the

non-jacketed trial, he felt certain this gain would have been nearly

double ; in that case the comparison would have been between a

partly steam-jacketed cylinder and an entirely unjacketed cylinder.

Mr. C. Frewen Jexkix called attention to the feed-water

consumption per pound of coal (Table 2, line 25), which varied from

9-31 lbs. to 7*96 lbs., or a variation of 14 per cent., of which no

explanation appeared to be offered in the paper. It had been pointed

out by Mr. Longridge (page 487) that 12 jier cent, might be

accounted for by a difference of six inches in estimating the thickness

of fuel in the fire-box.

Mr. W. WoRBY Beaumont asked why the results of the trials

were disparaged in i>age 466 on account, of the coal consumption not

having been ascertained so accurately as the steam consumption. If

the statement in page 466 was correct, that the consumption of steam

was obtained with a close approach to absolute accuracy, surely this

was the most important point of all in making such experiments.

The coal consumption, if it also could have been- satisfactorily

ascertained, would of course have formed a check upon the results
;

but surely the steam consumption, if correctly known, ought to be

sufficient. With regard to Mr. Aspinall's remark (page 484) as to the

errors of indicators, he asked whether it might be sujjposed that the

indicators persisted in the same errors throughout the whole of their

indications in these experiments ; because it would appear to him

that, if they did so, the comparative results would be the same : in

other words, if the diagrams were all to the same extent smaller tban
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tliey ought to be, then tlie difference between the behaviour of the

steam in the cylinders, when the jackets were in use and when they

were not, could be just as well ascertained from the indicator

diagrams actually obtained as if these had all been as much larger as

they ought to have been. This argument of course depended

entirely upon whether the same true or false tale was told by the

indicators right through the experiments. Doubt had been thrown

upon the steam consumption of 26 • 7 lbs. per I.H.P. per hour ; and it

would appear that such a doubt would be even greater, if the

indicator diagrams were increased in size, as they would be

expected to be if connecting pipes of such length as were seen in

the drawing were done away with. If the indicator diagrams ought

properly to be so much larger, the steam consumption would be

reduced to something considerably below the 26*7 lbs. per I.H.P.

per hour, affording thereby another illustration of the great economy

with which locomotives worked, in contrast with the statements

often put forward to prove how much more economical it would be to

work locomotives by electricity than by steam. If under its actual

conditions of working the engine tried in these experiments would

run with a steam consumption of something less than 26 '7 lbs.

per I.H.P. per hour, it was obvious that electric locomotives would

have a gi'eat deal to beat. The apparent smallness of the gain due

to the jacketing of the cylinders, and also the variation in that small

gain, were doubtless explained by the consideration advanced by

Mr. Halpin (page 490), namely the high piston-speed. It appeared

to himself impossible to expect any gain whatever from the use of a

steam-jacket, especially of a jacket having such a thin steam-space,

with a piston-speed so high as that in locomotive engines and with

the conditions of running so varying. The conditions that obtained

in any of the engines which did gain something by jacketing were

here entirely absent.

Mr. E. C. DE Segundo remarked that, although unfortunately the

results of the trials were so indecisive, experience showed how
difficult it was to obtain accurate results in experiments of so

arduous a nature as these. Even if the trials appeared to some a

2 X
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failure, it would be remembered that the greatest results had often

sprung from apparent failures. Having had occasion some time

ago to look through the results of a somewhat similar trial, he

fully concurred with Mr. Longridge how difficult it was to

take accurate indicator diagrams off a locomotive engine. Unless

the indicators were placed close to each end of the cylinder, as had

been done by Mr. Aspinall (page 484), the diagrams taken could

not help being inaccurate. In the diagrams which he had had

occasion to examine, taken by the same indicator from both ends of

the cylinder, it had been found that those from the back end were

three-eighths of an inch longer than those from the front end. The

pipe leading to the indicator from the front end was comparatively

straight, while that from the back end was brought round a bend to

the indicator ; and it was discovered that, when the pressure came

on the back pipe, the pipe straightened itself on the principle of the

Bourdon pressure-gauge, and consequently lengthened the stroke

of the indicator, and thereby vitiated the diagram.

Professor T. Hudson Beaee had endeavoured to a certain extent

to disarm criticism by the statement at the outset of the paper

(page 466) that the results were not such as would enable any

definite conclusions to be drawn respecting the value of the

steam-jacket in locomotives. The great difficulty of carrying out

experiments of this kind with an express locomotive had been

remarked on by Mr. Aspinall (page 483). It was hard enough to

carry out accurate scientific observations on a locomotive going at

a low speed; but harder still on an express locomotive travelling

at a speed of occasionally sixty miles an hour over a line with

large numbers of points and crossings, when the observers had to

cling on pretty firmly, in order to avoid being jerked off the

foot-plate or the buffer plank. Moreover the apparatus available

for these experiments was not everything that could be desired, as

had been pointed out in the paper. Although measurement of the

feed-water by meter was considered by Mr. Aspinall (page 484)

to be on the whole more satisfactory than would have been

measurement of the depth of water in the tender, he himself differed
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entirely from that opinion. All meters had errors ; and the worst of

a meter was that it conld never be known whether the error was

the same today as yesterday, and whether it would be the same

tomorrow. The meter might be taken off and tested carefully after

the trial was over, as had been done in this instance ; but there was

no certainty that the error so determined was the error which the

meter had during the time of the trial. The measurement of the

depth of water in the tender he believed was much more reliable than

measurement by meter, and it was much more simple. Naturally it

could not be expected that the depth in the tender could be measured

accurately while the engine was running; but there were certain

stoppages in the runs between Manchester and York, which afforded

sufficient opportunity for measuring carefully the level of the water

in the tender, and so determining the consumption of water during

known periods.

In the testing of the meter, the error found was not constant

(page 491), but varied between 4 and 1 • 3 per cent. ; the maximum

was therefore not much greater than the mean of 2' 6 per cent,

given in the paper, which was the average of a number of tests.

On the question of the condition of the fires at the beginning

and end of each trial, the point intended to be emphasized in the

paper was that the real coal consumption could not be known

accurately if there were much difference between the amount of

incandescent coal on the fii'e at the end of a run and at the

beginning. As pointed out by Mr. Longridge (page 487), it was

practically impossible by mere inspection to see how much

incandescent fuel there was upon the fire-bars of a locomotive. On

a journey of less than two hours, where the total consumption of

coal was not more than about one ton, an error in estimating the

allowance to be made for such variation in the fuel on the fire-bars

would make a serious difference in the result. If there was a

thick fire at the end and only a thin fire at the start, or conversely,

the proportionate error would be great. It was on this account that

he thought it would have been more satisfactory in such a trial

if the fire could have been worked down to the same thickness at

the end as it had at the beginning. Although it had not been

2x2
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practicable in this instance, tliat was wliat should be aimed at in

boiler trials, so as to eliminate error arising from estimating the

condition of the fire.

With regard to a counter, he was still disposed to reiterate what

had been said in the paper, that a counter would have been much

more satisfactory than any speed recorder. Counters gave positive

direct results ; but any recorder had errors, which had to be allowed

for and corrected. It was objectionable he considered in any

experiments to have observations which had afterwards to be

corrected for errors of instruments. Some degi'ee of error attached

of course to every instrument ; but if an instrument could be used

with an error which might be neglected, so much the better.

Possibly the difficulty of estimating the condition of the fire at

the beginning and end of a run, and therefore of determining

accurately the coal measurement, affected considerably the evaporation

per pound of coal as given in the tables ; and therefore, although the

latter appeared so high, it might not be due mainly to priming, as

had been suggested by Mr. Longridge (page 488), though there might

perhaps be some priming ; but it might be due in part to the above

causes. There had been a great deal of trouble with the indicators,

owing, as had been pointed out by Mr. Aspinall (page 484), to the

water in the pipes; of this it had been endeavoured to get rid

as much as possible by blowing through just before taking each

diagram. The consequent errors in the indicators he imagined had

not been large, and had probably been about the same in each

trial, so that it was considered comparative figures would not be

vitiated thereby; for this reason no attempt had been made to

calibrate their errors. The trials, after all, were comparative ; and

any errors in the indicators would hardly be likely to vary much

during the two days' consecutive trials.

With regard to the high evaporation of locomotive boilers, he

thought Mr. Halpin's remarks (page 489) undoubtedly furnished a

good explanation : namely that a locomotive boiler was in a

continual state of vibration, which must greatly facilitate the

liberation of the globules of steam as fast as they were formed, and

their escape to the surface of the water, thereby greatly helping
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the transmission of heat through the tubes and the plates. Every

one who had experimented on heat transmission through plates

knew that, if the steam globules were got rid of as fast as they were

formed, the heat went through with great rapidity indeed.

The only explanation he could offer of the variation in the

feed-water evaporation per pound of coal (page 492) was that given

in page 466, namely the difficulty of determining the quantity of fuel

on the fire at the beginning and at the end of each experiment.

None of the observations of the consumption of water were incorrect

beyond the extent of the meter error; and undoubtedly, after

correction for that error, the quantities of water recorded in Table 2

did really go into the boiler. Whether all came out as steam, or

whether it came out partly as steam and partly as priming waterj

there were no means of saying ; but in the total consumption he

believed there was no error. With regard to the fuel, while he was

certain that the actual quantity which was put upon the fires was

weighed and recorded carefully, the admitted error arose from the

doubt about the condition of the fire at the beginning and at the

end. If these several points were taken into account, he thought it

would still be found that these results were of some use, even though

they did not throw any definite light upon the important question

whether the steam-jacket was or was not of advantage in a locomotive

engine.

The information asked for about the weather at the time of the

trials (page 491) had now been inserted in lines 5-7 of Table 3. It

might be of interest to add that the amount of coal burnt in lighting

up in the running shed at Horwich was 400 lbs. on 18th September,

and 600 lbs. was used in getting up steam to 160 lbs. pressure and

coming to Manchester ; and 289 lbs. was burnt while standing in

the station yard at York. On 19th September 800 lbs. was used

in getting up steam and coming to Manchester from the running

shed ; the amount burnt while standing in the yard at York was not

noted.

Mr. Betan Donkin, Member of Council, recalled that the whole

of the special arrangements connected with the locomotive, and also
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the whole of the experimental appliances, had been provided by the

kindness of Mr. Aspinall ; and all that the observers had to do was

to take the utmost possible advantage of them for making the trials.

Their thanks therefore ought to be particularly accorded to

Mr. Aspinall for the kind way in which he had put this express

locomotive at their disposal, and fitted it so extensively with testing

apparatus. If he ever adopted a compound locomotive, he hoped he

would give them an opportunity of making another trial. Here it

had been a single-cylinder engine ; but in a compound engine, having

an efl&cient steam-jacket on the low-pressure cylinder and covers, a

much greater head of heat would be obtained, and the advantages of

steam-jacketing he considered should tell much more in the low-

pressure cylinder than in the high, as had been proved by many

experiments on stationary engines. As shown in Table 1, the

proportion of internal surface exposed to the steam-jackets in the

clearance space was here only a little more than one quarter of the

total internal clearance surface ; and at 90 per cent, of the stroke the

internal jacketed surface was only a little more than half of the total

internal clearance and cylinder surface. This was in his opinion

the key to the whole question. Some interesting experiments,

bearing upon steam-jackets for locomotives, had lately been made

in France on the Paris and Orleans Eailway. There were two

locomotives, exactly similar in every other respect including boilers,

and twenty-four experiments were made with each : one engine had

four Corliss valves to each cylinder, and in the other there were

the usual slide-valves. There was a gain of about 12 per cent,

economy in water consumption in favour of the locomotive with

Corliss valves. This he considered was partly due to the ends

of the cylinders being practically jacketed with live steam on the

boiler side of the Corliss valves ; and partly to diminished initial

condensation, because with four Corliss valves to each cylinder the

steam had not to go through the same ports : the live steam entered

through two ports, and the exhaust steam passed out through two

other ports ; and thereby the condensation in the cylinder and

passages was considerably reduced. Actually there were not any

steam-jackets ; but the mere fact of the two Corliss valves being put
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on the top at each end was equivalent to jacketing the cylinder ends,

which were the most important surfaces.

That there must have been primiug, he agreed with Professor

Beare and Mi-. Longridge ; but to what extent it was difficult to say.

In some experiments made on the Great Eastern Eailway nine years

ago by Professor Kennedy and himself * they had been troubled in

the same way with priming, and the heat account had overbalanced.

The large amount of evaporation by a locomotive boiler had been

confirmed by those Great Eastern Eailway experiments, in which the

water had been actually measured in the tender. Though the

locomotive boiler was so excellent an evaporator, it primed ; and it

primed in the shops just as badly as on the road, because it had

been found that the evaporation was about the same in the locomotive

on the Great Eastern Railway, both in the shop and on the road,

causing the heat account to overbalance in each instance. As in

many stationary boilers, the priming was not got rid of, even when

the locomotive was standing still.

To measure the water in the tender he agreed with Professor

Beare would have been the best plan, and to trust to no meter,

however accurate it might be. It would have been easy with a float

to read off the depth of water when the locomotive was standing on

the level ; the tender might either be filled by gauge cans, or might

be weighed. It had actually been weighed at the beginning and at

the end of each run in the Great Eastern Eailway tests.

Jacketing locomotive cylinders by drawing the hot smoke-box

gases round them, as had been tried by Mr. Aspinall (page 485), had

been tested also in Italy, he believed with considerable success.

Some experiments had been published by Mr. Kossuth, who seemed

to have proved that there was some economy.

The indicator pipes had been well covered, and it seemed to him

that if there were any errors in the indicator diagrams, arising from

water in the pipes, they would be the same throughout the trials,

and would not affect the comparison of jacketing and non-jacketing.

The high piston-speed was a much more important point.

* See « Engineering," 21 October 1892, pages 501-4.
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The Peesident thought it must be a gratification to the authors

that the paper had elicited such a discussion, because it showed how

interesting it had been, and how valuable in one way or another were

the results. Not that much economy had as yet been shown, because

the experiments had been conducted under unfavourable conditions,

upon a run much too short to prove the value of the steam-jacket.

No doubt what a locomotive superintendent looked to was the saving

of coal. On the Midland Eailway Mr. Johnson had a long run of

about 200 miles, he believed, with few stoppages ; and if he would

fit up a locomotive either with steam-jacketed cylinders or with a

superheater, he was sure that, as the present paper had been received

by the members with so much satisfaction, the same observers would

be induced again to venture to carry out some further experiments.

With the experience they had already obtained, they would probably

be able to bring results before the Institution which would be highly

valuable and interesting. The present experiments had been

conducted under most diflicult conditions ; and he had great pleasure

in proposing a hearty vote of thanks to Professor Beare and

Mr. DonkLn for theii" interesting communication, and to Mr. Longridge

for his cc -operation in the trials ; and also to Mr. Aspinall, by whom

they were originally suggested, for his kindness in fitting up the

locomotive and making all the necessary arrangements for carrying

out the experiments.
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TEANSMISSION OF HEAT
FEOM SURFACE CONDENSATION
THEOUGH METAL CYLINDEES.

By Lt.-Coloxel ENGLISH axd Mr. BKYAN [DONKIN.

There are many conflicting opinions as to tlie rate at which heat,

liberated by the surface condensation of steam, is transmitted through

a metallic wall, such as a steam-jacketed cylinder or a condenser

tube ; and the authors believe that the results of a series of trials,

designed to clear up some doubtful points in previous experiments,

will be of interest. So far as they are aware, no previous attempts

have been made to ascertain the actual temperatures in the interior

of the metal, or to observe the exact appearance of the film of water

deposited, or to determine whether such a phenomenon as cloudy

steam really exists. These, and other questions involved in equal

obscurity, can readily be answered by the help of the apparatus they

have used, which consists of a strong vertical glass cylinder, about

51 inches diameter and 2f inches high, filled with steam, and enclosing

a metallic cylinder, through the interior of which an ascending stream

of cooling water is made to circulate. In order to determine the

thermal gradients in the metal, when its thickness allowed of so

doing, the temperatures of the interior were taken in vertical holes

l-8th or l-16th inch diameter, drilled at different distances from

the condensing surface, and filled with mercury, into which slender

thermometers were inserted.

The general arrangement of the apparatus is represented in Figs. 1

and 5, Plate 116, in which one of the experimental metal cylinders

A is shown in vertical section, secured by external bolts between

cast-iron top and bottom covers, the joints being formed with flat

india-rubber rings. Outside the metal cylinder A and concentric with

it, the glass cylinder D of the same length was held in a similar manner

between the same covers. Steam of any pressure, up to 30 lbs, per
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square inch above atmosphere, can be safely introduced into the annular

space C, between D and A, by means of a steam pipe passing through

the top cover. This steam pipe is furnished with a pressure gauge
;

and a thermometer, whose stem passes through a gland in the top

cover, has its bulb immersed in the steam. In order to obtain a

complete and regular circulation of cooling water up through the

metal cylinder A, a small reservoir is fixed at F, and is kept filled

with water at approximately the same temperature as that of the

room. By opening a cock E, the water is allowed to flow into

the pipes GH, and thence upwards through the interior of the

cylinder A, passing away by the discharge pipe I at top. The

quantity of circulating water can be varied by adjusting the cock J
on the pipe G, the same head being always maintained in the upper

part of this pipe, which is formed of a glass tube. At I the

discharged water runs down a funnel L into a reservoir K, from

which it can be weighed. Two thermometers at M and N serve to

determine the temperature of the cii'culating water, before and after

passing through the apparatus. All the water is brought into close

contact with the interior surface of the metal cylinder A by means

of a cii-cular plug B, which leaves only a small annular passage for

the upward flow of cii'culating water. The water resulting from

condensation on the interior of the glass cylinder D is kept separate

from that formed on the outside of the metal cylinder A, by means of

an annular rib projecting upwards from the bottom cover. These

two quantities of water as they accumulate are drawn off by two

cocks projecting downwards from the bottom cover, and are separately

collected for weighing. In Plates 116 to 118 are given in plan and

vertical section the details of the various metal cylinders which

were tried, drawn one-third full size.

From careful observations made in all the trials, the authors

consider that it was not possible to trace the slightest appearance of

cloudiness or mist, or of water suspended in the body of the

condensing steam. In Fig. 19, Plate 1 19, is given a representation, from

a photograph, of the film of water on the surface of smooth cast-iron,

as it appeared through the glass cylinder, with a steam pressure of

20 lbs. per square inch and at a somewhat slow rate of condensation.
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No drops appeared to exceed about one-fiftli of an inch, diameter;

and after any drop liad run down the "wall, its path appeared dry.

The formation of a network of particles or globules of water, too

small at first to be separately distinguished, was next seen covering

the same path. These gradually increased in size to about one-

hundredth of an inch diameter, when they ran together, coalescing

in irregular shapes until they ran down the wall, or were dragged

down by larger drops.

The principal object of the trials was to determine the rate at

which heat, derived from the condensation of steam at several

uniform temperatures, could be transmitted through the wall of each

metallic cylinder, imder varying conditions. The results are plotted

in the series of curves shown in Fig. 20, Plate 120. The velocity of

the circulating water vertically upwards over the inner surface of the

cylinder was varied between 0"032 and 0*415 foot per second, as

shown by the abscissae or horizontal dimensions. The ordinates

show the heat transmitted per second per square foot of external

surface of the metallic wall. The different metallic cylinders which

were tried include cast-iron with both rough and smooth surfaces,

ll-32nds and 31-32nds of an inch thick, copper and brass with

smooth surfaces 2-32nds of an inch thick, and smooth steel l-32nd

and 10-32nds of an inch thick.

There are two separate and independent ways of measuring the

rate of heat transmission :—one by observing the rise of temperature

in a known quantity of circulating water ; and the other by observing

the weight of steam condensed. Both these methods however require

a correction for the amount of heat transmitted to the circulating

water by conduction through the top and bottom metal covers. The

amount of this correction was determined by removing the metal

cylinder, and substituting a glass cylinder of the same external

diameter, Figs. 2 and 3, Plate 116 ; within this inner glass cylinder

was enclosed a central metal pipe, through which the circulating water

flowed upwards ; and an annular air-space was left between this pipe

and the inner glass cylinder. By this means practically all the heat

which was transmitted from the steam to the circulating water had
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to pass tkrougli the covers under the same conditions as in the trials.

This heat could be measured by the rise in temperature of the

circulating water, with different steam temperatures ; and the

necessary deduction for the number of thermal units transmitted

through the covers at any temperature could be readily ascertained.

The method of calculating the heat transmission from the weight

of steam condensed requii-es a further correction for external

radiation from the glass cylinder and from the covers. This was

determined at various steam temperatures by weighing the steam

condensed in a given time when no circulating water was passing

through the apparatus, whilst the external temperature of the room

was kept approximately the same as in the trials, namely about

80^ Fahr.

The experiments were divided into nine series, in each of which

some variation was made in the material, condition of surface, or

thickness of the metallic cylinder wall ; and each series comprised

several variations of the steam temperature or of the quantity of

circulating wat^r. In each trial observations were not commenced

until conditions of uniform temperature had been well established
;

after which the steam temperature, the temperatures in the interior

of the metal, and the initial and final temperatures of the circulating

water were noted every three minutes. At the end of fifteen minutes

the trial was stopped, the quantity of condensed steam which had

accumulated was measured, and the circulating water which had passed

through the apparatus was weighed. Each trial was made in duplicate,

and when necessary was further repeated until an agreement was

obtained. The greatest quantity of heat transmitted per second was

about 35 thermal units and the least about 7 thermal units per square

foot of internal surface of cylinder.

The cast-iron cylinders were of good hard cylinder metal, cast in

Messrs. Bryan Donkin and Co.'s foundry. The copper and brass

were ordinary commercial tubing ; and the steel cylinders were of

cold-drawn metal, kindly presented by the Credenda Company of

Sheffield.

In the authors' opinion the results of their experiments show

that the film of water deposited by condensation and adherent to a
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metallic surface resists the transmission of heat in exactly the same

way as an equivalent greater thickness of metal would do : so that

the diflference of temperature between the steam and the actual outer

surface of the metal will depend upon the mean thickness of the

water film and upon the rate of flow of heat through it. The thickness

of the water film, as determined from the diflference of temperatures,

is decidedly less on a smooth surface of cast-iron than on a rough

one, and is apparently not affected by the admission of steam in jets

to sweep the surface, as in Figs. 8 and 9, Plate 117. There is no

apparent difference, in the resistance to transmission of heat, between

the surface layer of metal and that next to it ; or, in other words, there

is no drop in temperature on entering or leaving the metal, as shown

in Fig. 18, Plate 119. The thermal gradient at any point in the metal

would be uniform in a flat plate, and becomes steeper towards the

interior of a hollow cylinder as the circumference diminishes, as in

Fig. 18. At any point on the surface of the metal next to the

circulating water, the temperature, owing to an adherent film in which

a thermal gradient exists, is much in excess of the mean temperature

of the circulating water at the same point. The rate of condensation

or flow of heat increases, but in a constantly diminishing ratio, with

the difference between the temperature of the steam and that of the

circulating water at the point considered, and with the velocity of the

circulating water, as shown by the curves in Plate 120.

APPENDIX.

In Table 1 (pages 510-521) are given the detailed results of

observations made during the series of trials 1 to 6, in which the

cylinders were sufficiently thick to allow of ascertaining the

temperature of the metal at points in its interior ; and also in the

series 7 to 9, in which the thickness of metal was too small to allow of

ascertaining the temperatures in its interior. In this table at the head
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of each series are given the material and thickness of the metal

cylinder, and the condition of its surfaces ; the nature of the steam

admission ; the radii of the outside and inside surfaces ; the effective

areas outside and inside the cylinder, with their ratio N ; the radii of

the cylinder at the points where the thermometers were inserted ; the

quantity of heat conducted to the water through the covers, and also

the radiation, in thermal units per second per square foot of outside

surface. The above ratio N is also the coefficient by which the

number of thermal units per square foot of outside surface must be

multiplied, in order to give the corresponding thermal units

transmitted per square foot of inside surface.

Line 10 gives the temperature in the interior of the wall, shown

by the thermometer in the outer hole ; line 11 in the middle hole
;

and line 12 in the inner hole. Line 13 shows the observed initial

temperature of the circulating water ; and line 14 its observed final

temperature, corrected for the rise oftemperature due to the conduction

of heat through the covers. Line 16 gives the velocity of the

circulating water in feet per second ; line 17 the total observed

weight of circulating water in lbs. per minute; and line 18 the

weight of circulating water in lbs. per second per square foot

of inside surface. Line 22 gives the observed temperature

of the steam. Line 23 gives the total observed weight of the

condensed steam collected from the walls in lbs. per minute.

Line 24 gives the observed weight of circulating water per second

per square foot of external surface, multiplied by its rise in

temperature ; so that, ifS is the number of thermal units transmitted

per second per square foot of external sm'face of cylinder, and C

the number of thermal units transmitted per second per square foot

of external sui-face to the circulating water through the covers,

H -{- C will be represented by the quantities given in this line.

Line 25 gives the observed weight of condensed steam collected

from the vertical walls per second per square foot of external surface,

multiplied by its latent heat per lb. ; so that, if li is the number of

thermal units lost by external radiation per second per square foot of

external surface, H -\- C -{- It will be represented by the quantities

given in this line. Line 26 gives the number of thermal units
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transmitted per second per square foot of internal surface, as

obtained by multiplying the value of {{H + (7) — C} by the

coefficient N. Line 27 gives tbe number of thermal units transmitted

per second per square foot of internal surface, as obtained by

multiplying the value of {{H + C + B) - {C -\- B)} by the

coefficient N. Line 28 gives the calculated thickness z of the film

of condensed steam deposited on the metallic surface, as arrived at

by the formula given in page 509.

Previous Experiments.—There are not many published experiments

on the transmission of heat from surface condensation through

metallic cylinders; but the following are sufficiently in detail for

enabling a comparison to be made with the authors' results.

(1) Mr. B. G. Nichol of the Ouseburn Engine Works, Newcastle-

on-Tyne, made a series of trials on brass tubes in 1875, of which the

results are recapitulated in the Proceedings of this Institution 1894,

pages 158-9. [See Table 2, page 522 ; and Fig. 22, Plate 121.]

(2) Mr. G. A. Hagemann of Copenhagen made a set ofexperiments,

about 120 in number, described in the Proceedings of the Institution

of Civil Engineers, 1884, vol. Ixxvii, pages 311-22. These

experiments were made with a vertical brass tube 1^ inch external

diameter, 3-32nds inch thick, and 37 inches long, placed centrally

inside a cast-iron tube of 6 inches bore ; cooling water flowed upwards

through the brass tube, while steam was condensed in the annular

space. The steam was of various temperatures from 190° to 280°

Fahr., and the temperature and velocity of the circulating water were

also varied between wide limits. [See Table 3, pages 522-525
; and

Fig. 23, Plate 121.]

The observed results of Nichol's, Hagemann's, and the authors'

experiments, which are plotted as curves in Plate 121, can be

represented closely by the formula

F = VJ^^^t (^ ViT + -B V/6 - 212°)

where F is the flow of heat at any point in the tube in thermal units

per square foot of internal surface per second (Table 1, lines 26-7),

V the velocity of the circulating water in feet per second (Table 1,

line 16), tb the temperature of the steam in degrees Fahrenheit, t the
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mean temperature to whicli the circulating water has been raised at

the point considered in the tube ; and A and B are constants

depending upon the nature of material, thickness, length, and

diameter of the tube with which the experiments were made.

The final temperature tc of the circulating water (Table 1, line 15)

can be obtained from this formula by means of the following equations,

in which

Ft is the flow of heat per square foot per second at the inlet,

Ff „ „ „ 5, „ 5

J

55 outlet,

ti the initial temperature of the circulating water (line 13),

c the weight in pounds of circulating water passing over each

square foot of metallic surface per second (Table 1, line 18),

so that the ratio c -^v is constant for the same tube :

—

Fi = VfT^^v {A ^v + B V/6 - 212°)

Ff = V^r^o (^ Jv + B Vib - 212°)

In line 15 of Table 1 and in Tables 2 and 3 are given the

resulting values of tc according to these equations, for the

experiments referred to, with the following constants :

—

Thickness. Katio. Constants.

Inch. C -i- V A B
Nichol, brass tube, vertical 0-049 0-138 0-40 0-120

)) , ,, horizontal ,, j>
0-55 0-165

Hagemann, brass tube 0-094 0-196 0-80 0-096

cast-iron, rough ^

English

„ smooth

„ with

rough „

jets
. 0-345 2-65 1-67 0-038

and 1 ,, smooth 0-980 1-70 1-33 0-037

Donkin
steel, smooth 0-320

0-030

3-28

3-52

2-50

2-00

0-067

0-270

copper „ 0-062
>)

4-50 0-270

I brass ,, . 0-070 ,,
3-50 0-210

In those of the authors' experiments in which thermometer

readings were obtained of the temperatures in the interior of the

metal, the mean thickness z of the film of water deposited by
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condensation on tlie outer surface of the tube can be deduced from

any one of these readings ft' at the radius rt by the formula

8002 = ^^ ~ *' - 8rt log. ^
F rt

and these are the values shown in Table 1, line 28, as deduced!-

from the observed temperature by the thermometer nearest the

middle of the thickness of metal.

The temperature iy of the inner surface of the metal can be

obtained either by using the ascertained value of z in the formula

h - t,j = (8r6 locj, N + 8OO2) X c (k^J^

or by a calculation independently of z according to the formula

m (h - t.) = t, - ty = 8n loge N X c (A^Ji)

tz being the temi)erature of the outer surface of the metal, and m a

constant for each cylinder of the following value :

—

For cast-iron, rough . . . • 346 inch thick, constant to = 1 •

„ „ „ smooth . . . 0-345 „ „ „ „ 2-0

„ „ „ „ ... 0-980 „ „ „ „ 10-0

„ steel „ ... 0-320 „ „ „ „ 1-4

The values of ty calculated in these two different ways are given foi-

comparison in lines 20 and 21 of Table 1.

The values of t^ the temperature of the outer surface of the

metal, as deduced from those of ty, are given in line 19 of

Table 1.

2 T
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TABLE 2.

—

Xichors Experiments.

Tube;
of

cut. Circulating Water. Steam

on 2
Telocity

per
second.

Weight
l^er sq. foot

per second.

Temperatm-e.
Initial Final

;
Final

observed, observed, calculated.

Tempe-

rature.

^

Xo. Feet. Lb. Falir. Fahi-. Fahr. Fabi-.

V 1 1-35 0-18 58° 140° 140° 255°

V 2 4-63 0-63 93|° 93°

Y 3 6-50 0-88 85° 85°

H 4 1-30 0-18
i

165° 165°

H 5 512 0-70 ' 101° 100°

HC 6-92 0-94 94|° 94°

Y = Tertical tube. H = Horizontal tube.

TABLE 3 {continued to page 525).

—

Hageniann^s Experiments.

.a 0-30 0-06 79° 159° 146° 212°

6-7 0-46 0-09 90° 146° 145° „

8-9 0-89 0-17 98° 138° 138°
,,

10-11 2-60 0-51 106° 1.33° 130°
,,

11a 4-06 0-79 106° 127° 124°
,,

116 5 "57 1-12 109= 124i° 125°
,,

lie 5-67 113 106° 123° 123°
,,

lid 5-93 1-16 123° 136^° 138°
,,

12 1-02 0-20 192° 200° 205°
,,

13 102 0-20 188° 198° 202° „

14 1-03 0-20 164° 183° 187°
,,

15 1-03 0-20 134° 163° 164°
,,

16 1-04 0-20 118° 152° 152° 213°

17 1-02 0-20 104° 143° 141°
,,

18 1-03 0-20 96° 135° 135°
,,

19 1-02 0-20 84° 125° 125° "
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TABLE 3 (continued from opposite page).—Hagemann's Experiments.

3 Circulating Water. Steam

a
Velocity

second.

Weight
per sq. foot

per second.

Temperature.
Initial Final Final

observed, observed, calculated.

Tempe-

rature.

Xo. Feet. Lb. Falir. 1
Fahr. Fahr. Fahr.

20 1 04 20 61° 107° 106° 213°

21 2 23 44 191° 198° 200° 212°

22 2 19 43 190° 197° 201°
,

23 2 09 41 187° 195° 199°
, ,

24 2 07 41 159° 176° 177°
, i

25 2 08 41 159° 175° 177°
,

i

26 2 08 41 131°
,

154° 153°
,

27 2 09 41
i

105° 133° 132°
,

28 2 10 41 87° 115° 116°
,

29 2 08 41 50° 83|° 83°
,

30-31 3 35 66 195° 199° 202°
,

32 3 31 65 186° 193° 196°
,

33 3 41 67 141° 158° 158°
,

U 3 40 67 110° 134° 131°

35 3 38 66 49° 78° 76°

36 5 38 05 193° 196P 200°
I

37 5 44 06 162° 173° 173°

38 5 46 07 127° 143° 142°
>

39 5 38 05 49° 72° 71°

40 5 50 07 49° 71° 71°
,

56 1 94 38 42° 87° 87° 220°
j

57 1 87 37 42° 98° 98° 239°

58 1 83 36 42° 104° 103° 255°

59 1 87 37 42° 117° 114° 280°

60-61 2 14 42 42° 85° 77° 213°

62 214 0-42 43° 96° 92° 235°
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Tx\BLE 3 (^continuedfrompreceding page).—Hagemanri's Experiments.

5 Circulating Water. Steam

J
o
P-

Telocity

per
second.

1
Weight

1

per sq. foot
' per second.

Temperature.
Initial Final Final

observed.
^

observed, calculated.

1

Tempe-

rature.

i No. Feet. Lb. Fabr. Fabr. Fahr. Fabr.

j

63 2-14
j

0-42 43°
, 100° 97° 248°

i

64 2-14 '

0-42 102° 98° 252°

j
65 2-14 0-42 112° 106° 272°

66 2-95 0-58 • „ 79° 71° 213°

67 2-95 0-58 83° j» 81° 225°

68 2-95 0-58 : 88° 85° 241°

69 2-95 0-58 i 90° 88° 247°

70-71 2-95 0-58 96° 92° 269°

72-73 4-59 0-91 , „ 83° 76° 212°

74 4-59 0-91 44° 72° 72° 221°

75 4-59 0-91 44° 74° 74° 236°

76-77 4-59 0-91 43° 79° 78° 258°

78-79 4-59 •" 0-91 43° 80° 81° 266°

80 2-04 0-40 1
440 105° 103° :260°

81 2-04 0-40
1

1 >'
103° 104° 255°

82 2-04 0-40 „ 99° 101^ 248°

1
83 2-04 0-40 „ 95° 96° 236°

! 84 2-04 0-40 43° 88° 87° 221°

85 2-OS 0-41 44° 83° 76° 212°

86 2-04 0-40 „ 80= 77° 207°

87 2-04 0-40
'

„ 80° 77° 204°

88 2-04 0-40 „ 75° 76° 190°

89 1-93 0-37 58° 103° 102° 223°

90 1-82
,

0-36 59° 113° 112° 240°

91 1-82 0-36 56° 117° 117° 256°

92 1-82 0-36 55° 130° 126° 282°
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TABLE 3 (^concluded from page 522).

—

Hagemann's Exjyeriments.

3 Circulating Water. Steam

'G Velocity

per
second.

Weight
per sq. foot

per second.

Temperature.
Initial Final Final

observed, observed, calculated.

Tempe-

rature.

No. Feet. Lb. Fahr. Fahr. Fahr. Fahr.

93-94 3-19 0-62 139° 158°
1

164° 229°

95-96 319 0-62 139° 165° 171° 252°

97-99 3-19 0-62 140° 172° 176° 275°

100 2-67 0-52 176° 209° 210° 277°

101 2-62 0-51 180° " 212° 213° 278°

102 2-67 0-52 167° 201° 204° 278°

103 2-75 0-54 140° 180° 177° 276°

104 2-77 0-54 137° 175° 178° 277°

105 2-77 0-54 126° 165° 168° 277°

106 2-78 0-55 119° 160° 162° 276°

107 2-77 0-54 113° 155° 157° 277°

108 2-77 0-54 103° 147° 148° 277°

109 2-77 0-54 98° 144° 144° 278°

110 2-77 0-54 89° 136° 138° 278°

111 2-75 0-54 60° 110° 108° 278°

112 2-75 0-54 43° 98° 97° 277°

a-h 2-90 0-57 45° 83° 83° 229°

c-d 2-89 0-56 92° 122° 125° 230°

e 2-89 0-56 101° 131° 134° 231°

f-9 2-89 0-56 111° 138° 142° 230°

h 3-18 0-61 139° 158° 157° 212°

113-14 3-05 0-60 44° 75° 73° 212°

115-16 3-00 0-59 44° 84° 86° 241°

117-18 3-02 0-59 44° 87° 88° 252°

119-20 3-02 0-59 44° 90° 90° l261°

121-22 3-02 0-59 44° 93° 94° 274°

2 z
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Discussion.

Mr. Henry Davey, Member of Council, noticed that one of the

objects in making these experiments for determining the transmission

of heat through metals had been that they might be of use for

determining the areas required in steam-jacketed cylinders and

condenser tubes (page 501). In regard to the latter, there was one

essential difference to be observed between the mode of condensation

with condenser tubes and that carried out in these experiments.

Here there was a constant transmission of heat through the metal,

constant temperatiu-e on the outside, and constant temperature on the

inside. In condenser tubes there was practically constant or nearly

constant temperature on the inside, when the steam was as usual

condensed on the outside of the tubes; but the steam had to be

condensed intermittently ; there was not a constant flow of steam to

the outside of the tubes. Not only had the condensation to take

place intermittently, but the bulk of it had to take place in a small

fraction of time. In a rotative engine the condensation of the

steam took place almost entirely in the small portion of time

during which the engine was passing the dead point ; if it were not

so, there would be much more back-pressure shown on the indicator

diagram at the beginning of the exhaust line. The condenser

therefore presented tubes of metal which had been cooled during the

stroke of the engine, and at the end of the stroke a large volume of

steam was suddenly throAvn upon theii* surfaces ; consequently the

amount of surface to be provided must be sufficient for quick

condensation. From these experiments he had no doubt Colonel

English would be able to deduce a mathematical formula which would

be aj)plicable to condenser tubes. In another respect moreover it

would be noticed that the conditions of condenser tubes were not the

same as those dealt with in the experiments. It had to be borne in

mind that steam passing through the engine was usually contaminated

with grease or oil, which became deposited upon the condenser tubes,

and to a certain extent reduced their condensing capacity. There

was also the furring of the tubes inside, which was due to solid

deposit from the circulating water passing through them.
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Mr. W. G. Walker had recently carried out a few experiments

on the transfer of heat through plates with variously arranged

surfaces, and in contact with steam, air, and water, dealing mainly

with the effect of internal and external rihs soldered on a metallio

cylinder. The ribbed cylinders had been tried under various

conditions, being filled with cold water, which was allowed to absorb

heat from steam surrounding the cylinder ; and the heat absorbed

was subsequently radiated out into the air, or passed by conduction

into a tank of cold water in which the warmed cylinder was then

submerged. The presence of the ribs increased to a considerable

extent the speed of the transfer of heat, either in absorbing heat

from the external steam or in radiating it out into the air. But

when the warmed cylinder was submerged in the cold water, the ribs

had practically no effect on the transfer of heat. It was also noticed

that the ribbed cylinder was not so efficient in absorbing heat from

the steam as in radiating it out into the air ; and this was probably

due to the condensed film of water which was deposited on the

external surface of the cylinder when absorbing heat from the steam.

Coils of copper wire about 1-1 6th inch thick had also been wound

round the cylinder, with a short distance between them ; and in then

absorbing heat from the steam a considerable layer of water of about

1-1 6th inch thickness was deposited, which could not easily be

thrown off; this retarded the transfer of heat to a considerable

extent. A roughened surface was also tried, and the same retarding

effect was noticed as with the coils of copper wire.

Mr. A. H. Barker thought that these experiments were well

designed to throw light on the transmission of heat through the

tubes of a condenser ; but that, if they had been intended to apjily

to steam-jackets, there ought to have been steam on both sides of

the metallic conducting wall : high-pressure steam on one side, and

comparatively low-pressure steam on the other. If there was water

on one side of the conducting wall and steam on the other, the heat

transmission he thought would not be at all similar to what it would

be if there was steam on both sides. The steam-jacket he regarded

as a device for preventing a film of water from condensing on the

2 z 2
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inside of a steam cylinder ; and lie imagined that, if a steam-jacket

were effective in its action, no such film would be deposited. If tkis

view was correct, it would seem that the experiments now described

had no bearing upon the subject of steam-jacketed cylinders. The

method described in page 503 and illustrated in Figs. 2 and 3,

Plate 116, for determining the amount of the correction for heat

conducted through the top and bottom covers of the experimental

apparatus, would not be accui'ate, he thought, because it appeared

from Fig. 5 that the stream of water, entering through the central

inlet pipe at the bottom, first spread radially over the circular cover,

then travelled up the inside of the cylindrical metallic wall, and

then passed across radially beneath the top cover to the central

outlet pipe. A large part of the heat that came through the covers

therefore would apparently get into the water while it was passing

radially over the bottom cover and under the top cover. But

according to the arrangement shown in Fig. 3, it seemed to him

that the whole of the heat there transmitted through the covers

must find its way to the central inlet and outlet pipes before it

could pass into the water ; and consequently that the amount of the

heat which got into the water by conduction along the covers in

Fig. 3, where there was no radial flow of water over the surfaces

of the covers, would not be so large as when a great deal of heat

was taken up by the water while it was flowing radially in Fig. 5

over the faces of the covers.

Mr. E. Tremlett Carter, referring to the statement in page 502

that in these trials it had not been possible to trace the slightest

appearance of cloudiness or mist in the condensing steam, wished to

point out that in a steam-engine cylinder the rapid expansion of the

steam, being approximately adiabatic, would necessarily tend to

produce water, through the transformation of heat into work, apart

from the abstraction of heat through the cylinder walls ; and he

asked whether the experiments were intended to show, and whether

the above statement was intended to imply, that in the adiabatic

expansion of steam, accompanied by the formation of water internally

through the abstraction of energy from the steam, cloudiness was not
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produced ; or whether the observation applied merely to the

condensation by abstraction of heat through the walls. It seemed

to him that, if cloudiness was produced in the adiabatic or

approximately adiabatic expansion of steam in an engine cylinder,

the behaviour of the cylinder walls would be intrinsically different

from that which would occur in a surface condenser, where there

was saturated steam to be condensed which was not doing work, and

where the walls of the condenser tubes had merely to abstract heat

from steam which was not cloudy.

Mr. Dkihtt Halpin considered great service had been done by

these experiments, and their value would be largely enhanced by the

addition in Tables 2 and 3 of the actual heat transmission, per unit

of time and of surface and of difference in temperature, in Nichol's

and Hagemann's experiments. In page 505 he did not understand

what was meant to be implied by the statement that there was no

drop in temperature on entering or leaving the metal. Though there

might not be a drop in the temperature, there might be a drop in the

velocity of transmission. The receptivity or facility of entrance

into the metal, and the conductivity or power of transmission

within its substance, he was certainly of opinion were two totally

different quantities. This he thought might reasonably be assumed

to be true from the simple fact that a boiler plate, half or three-

quarters of an inch thick, might be exposed to a fairly heavy fire

without getting into any trouble ; but if two thicknesses of the same

plate were riveted together, however closely and tightly, the outer

plate would not stand the fire, and would become burnt, because

there was a severance of the molecular continuity in the middle of

the thickness, which was always a source of trouble. Thus it would

appear that the power of entrance and the power of passing through

were totally different quantities.

The difference in the rate of heat transmission, due to difference

in the velocity of the cooling water, had been alluded to in the paper

(page 505), but the relation between the two did not seem to have been

clearly followed out with figures. For surface condensers this was

of course the most serious question ; because where the velocities alone
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were widely different, while all other conditions were exactly similar,

the rates of condensation also differed Avidely. Having recently had

an opportunity of noting the working of an Atkinson feed-water

heater, and of taking the ingoing and outgoing temperatures, he had

found that in that instance there were 40 thermal units passing into

the water per^ hour j^er square foot of heating surface and per

degree of difference in temperature ; but under the circumstances the

velocity of the water over the heating surface was only 16 feet an

hour, which was a properly arranged speed for such an apparatus,

because it was wanted to deposit there any sediment or dirt which

might be contained in the water. But in a marine condenser,

instead of a speed of 16 feet an hour, speeds of 300 to 600 feet a

minute were employed ; and thereby, instead of 40 units per hour,

the transmission was brought up to 400 units per hour per square

foot of cooling surface and per degree of difference in temperature.

As to condensation being intermittent in the surface condenser of a

steam engine (page 526), ordinarily the volume of a surface condenser

was so large in proportion to the engine cylinders that the condenser

might from that point of view be compared with the air vessel

of a pumping engine at a water works ; and for all practical

purposes he should think condensation might be said to be going on

uninterruptedly.

Mr. Michael Longeidge mentioned that in foreign countries it

had sometimes been the practice to jacket cylinders by passing the

steam through the jacket into the cylinder itself. That was a highly

convenient arrangement in many ways : it ensured freedom from air

and water in the jacket, and freedom from breaking of jacket joints,

which was often associated with the training of steam into a water-

logged jacket. English engineers had held aloof from it, he believed

through the idea that, if the cylinder were so jacketed, the steam

introduced into the cylinder through the jacket must be wet steam.

One of the most important lessons taught by these experiments was

that this would not be the result, because aj)i)arently the whole of

the water in the steam would be deposited upon the surfaces of the

jacket, and there would bo no water left in the steam at all.
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Furthermore, not only would the steam be dry, but, notwithstanding

its intermittent supply consequent upon the alternate action of the

valve, it would not sweep the water off the jacket surfaces into the

cylinder itself. This was a point which he thought was to be noted

from these experiments.

Lt.-Colonel English agreed with Mr. Davey (page 526) in

believing that nearly all the condensation in a steam engine took

place very quickly indeed ; this he thought was fully confirmed by

the experiments. If the figures were worked out, it would be found

that under favourable circumstances condensation did take place at

a much greater rate than it had generally been considered to do

;

and therefore that a great deal of condensation in a steam engine

might take place immediately that the steam was admitted into the

condenser.

Mr. Walker's experiments (page 527) appeared to confirm those

described in the paper, as to the effect of a film of water. It had

not been mentioned however whether in those experiments any

quantitative results had been obtained ; it was highly desirable in

experiments of this kind to get them, if possible.

The object of a steam-jacket, as understood by Mr. Barker

(page 527), was to prevent a film of water from condensing in the

interior of the cylinder. He himself would rather say that the

object was to try to prevent it from doing so ; for he believed it

was an almost universal opinion that in nearly every cylinder initial

condensation did occur. As to the correction for heat passing

through the covers in the experimental apparatus (page 528), the

same india-rubber washers were used with the inner glass cylinder

that were interposed between the metal cylinders and the cast-iron

covers ; all the heat therefore for which correction was required had

to pass in both cases through the same circumferential section of

cover, so that, by adjusting the amount of cooling water, the same

thermal gradient could be maintained through this section.

With regard to adiabatic expansion of steam producing cloudiness

(page 528), in many of these experiments there had been considerable

adiabatic expansion, for the reason that the condensation went on at a
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much greater rate than that at which the steam could be supplied

through the admission pipe ; therefore the pressure could not be

kept up, and the steam necessarily expanded considerably before it

condensed. All that the authors had said was that they had not

been able to trace in any experiment the slightest appearance of

cloudiness, though they had looked carefully for it.

The amount of transmission of heat per degree of difference in

temperature, as desired by Mr. Halpin (page 529), he thought could

be got from the tables already printed. The reason why columns to

that effect had not been inserted was that the transmission of heat

had been found to be not a simple function of the difference in

temperature : it was more nearly as the square root of the difference

in temperature. The transmission of 400 thermal units per square

foot per hour per degree of difference in temperature in a marine

surface-condenser (page 530) would be about half the rate obtained

in some of these experiments, as shown in Table 4, page 534.

With Mr. Longridge's remarks (page 530) he quite agreed, as to

the effects of jacketing cylinders by passing the steam through the

jackets on its way into the cylinders.

Mr. Bryan Donkin, Member of Council, said that upon the

question of the heat transmission going on continuously or not

continuously he had compiled in Table 4 (pages 534-535), since

the paper was written, chiefly from his own experiments some

examples bearing upon this point in the transmission of heat through

walls of cast-iron, wrought-iron, brass, and copper, in economiser

pipes, steam boilers, condenser tubes, steam-engine and gas-engine

cylinders, and small vertical cylinders. The heat passed from hot

gases to water, and from steam to steam and to water, through

different thicknesses of metal. It made a difference whether the

metal surfaces were vertical or horizontal.* Transmission of heat

* There have been published in Germany 125 experiments by Dr. Wiebe on

the transmission of heat through horizontal steel and copper plates, 10 inches

diameter and of various thicknesses, with hot gases on one side evaporating

hot water on the other. See " Thatigkeit der Physicalischen Technischen

Keichs-anstalt," April 1895 and February 1896.
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through a piece of condenser tube, encrusted with a film of carbonate

of lime on the inside and with a deposit of dirt and grease or oil

on the outside, could be readily tested in the experimental apparatus

described in the paper ; by trying it first in its original dirty

condition, and afterwards when cleaned first on one side and then on

the other, the difibrence of transmission due to the condition of the

two surfaces jointly and separately could be ascertained. In the

transmission of heat through two plates riveted together (page 529),

if they were not in absolute metallic contact over their whole

surfaces, there would be air between them, which would materially

retard the passage of heat.

The Peesident said the authors had evidently taken considerable

trouble in preparing the experimental apparatus and carrying out the

trials and bringing the results before the members, who he was sure

would desire to pass a hearty vote of thanks to them.
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BREAKDOWNS OF STATIONAEY STEAM-ENGINES.

By Mr. MICHAEL LONGRIDGE, of Manchester.

Having been engaged during tlie last twenty years in the

inspection and insurance of Factory Engines, and having seen

something of the weaknesses and frailties leading to their Breakdowns,

it occurred to the author to offer to the Institution a short digest of

his experience on a subject which is naturally of much practical

interest to Mechanical Engineers. The present paper is primarily

statistical ; but the statements of fact are interspersed with

suggestions as to their meaning, whenever the latter seems to have

been ascertained. The statistics are derived from the last

thousand breakdowns with which the writer had to deal previously

to 31st December 1894. The number is no doubt small for

forming the basis of a statistical enquiry ; but the labour of

searching more deeply into the records of the past forbade its being

exceeded. These breakdowns have been analysed and classified, in

order to show which parts of the engines gave way first ; and then

the breakdowns of the different parts have been subdivided into

groups, in order to show as far as possible the various causes to

which the breakages of each of the several parts were due. In some

instances, where the causes of damage are well defined, the writer has

ventured to suggest the steps which should be taken to avoid them ;

in others, where they can less clearly be distinguished, it is left to

the designers, makers, and users of steam engines to draw their own

conclusions from the evidence. The paper is not intended as a
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treatise on steam-engine design ; but may be likened rather to a

mariner's chart, whereon are marked the rocks and shoals round which

the wrecks lie thickest.

The results of the first analysis or classification are as follows :

—

TABLE 1.

Parts ichich appear to have h dken first, and Niimher of cases

Valves and valve gear . . 213

Spiir wheels . 124

Air-pump motions 121

Air-pump buckets and valves 88

Columns, entablatures, bedplates , and pedestals 86

Main shafts .... 49

Connecting rods 41

C}'liDdeis and valve-chests 35

Parallel motions 35

Governors and governor gear 28

Piston rods 27

Piston-rod cross-heads 27

Pistons .... 22

McNaught and main links 22

Fly-wheels .... 19

Air-pumps and condensers 13

Cranks ..... 12

Gudgeons in beams . 12

Crank-pins 11

Beams .... 6

Slide-bars 5

Kopes .... 3

Entire smash, no cause ascertained 1

Total number of Breakdowns3 1000

It is unnecessary to discuss this list, as it represents merely the

preliminary sorting of the breakdowns into classes suitable for closer

examination. But before proceeding with this examination, it may

be premised in the first place that the engine, as the word is used in

the present paper, is limited by the crank-shaft and the wheels upon

it. The spur pinion upon what is called in Lancashire the " second-

motion " shaft, that is, the pinion which is geared with the driving



538 STEAM-ENGINE BBEAKDOWNS. Nov, 1896.

wheel upon the engine crank-shaft, is not considered as a part of the

engine. It is important to notice this distinction, because the

breakages of spur wheels would have been much more numerous than

stated in Table 1, if the breakages of pinions had been included in

the list. The risk attending the use of spur gearing therefore is not

by any means to be estimated by the proportion 124 per 1000. And

secondly, considering the number of accidents which occur thi-ough

the failure of bolts, studs, split pins, and other fastenings, it

might be expected that the fastenings generally would have been

assigned to a special class ; but the author came to the conclusion

that it would suit the present purpose better to include the fastenings

of each part with the part itself. Thus the bolts securing piston

covers to pistons are classified with pistons, the gibs and cotters or

bolts in connecting rods are considered as parts of the connecting

rods, and so on.

Valves and Valve Gear.—The 213 breakages under this head may

be subdivided as in Table 2.

The results of the subdivision of this class are rather disappointing.

The miscellaneous character of the parts included in it, the uncertainty

as to the stresses they had to bear, and the difficulty of ascertaining

all the cii'cumstances attending their breakage, are antagonistic both

to brevity and to distinctness. Still something may be learnt from it.

As most of the breakages to which no cause could be assigned were

really due rather to inability to endure the ordinary conditions of

work than to the action of any abnormal stresses, it becomes evident

that there is room for considerable improvement in the designing of

valve-gears, as regards both the strength and the arrangement and

workmanship of the various fastenings.

Of the forty-six valve spindles in group A, no fewer than thirty-

four broke at screw threads. Most of these were of steel, and the

appearance of the fractured surfaces nearly always showed that the

fracture had commenced at the bottom of the thread and had

extended gradually through the spindle. Doubtless screw threads

are necessary for purposes of adjustment ; but if used, they should

not be of the ordinary V shape
;

gas threads are better, and round
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TABLE 2.— Valves and Valve Gear.

Cause or nature of BreaJiage, and Number of cases.

A Valve spindles broken :

—

"Weakness of screw threads ....... 34

Sundry causes . . . . . . . . . 12 46

B Eccentric straps broken :

—

Cause not ascertained . . . . . . . .11
"Weakness .......... S

Various causes ......... 5 24

Eocking shafts and levers broken :

—

Weakness, wear and tear, and causes not ascertained . . 23

D Nuts, cotters, and pins, for securing valves to spindles, got loose . 21

E Eccentric rods broken :

—

At screw threads......... 9

"Weakness .......... 5

Cause not ascertained ........ 4 IS

F Slide valves broken 17

G Eccentrics, nuts, cotters, or other fastenings of valve motions, got

loose .......... 13

H Brass pieces, pinned to valves for increasing the lap, came off . 11

1 Trip motion of Corliss valve-gear, broken :

—

Dashpot rods, from vibration 4

Other parts, cause not ascertained ..... 3 7

J Brackets for Corliss valve-spindles ...... 6

K Eccentrics broken ......... 5

L Sundry breakdowns ........ 22

Total breakdowns of Valves and Valve Gear . . 213

threads are best. Moreover the joints in the valve gear should have

adjustable brasses with large surfaces, to take uj) wear. And above

all, cross-bending stresses, however slight, should be rendered

impossible by the use of rigid and properly adjusted guides.

The causes of the twenty-four breakages of eccentric straps in

group B were generally obscure. Some broke from heating; two

through the valve motion getting jammed by foreign bodies ; but

most from weakness, particularly weakness of the lugs or bolts by

which the two halves of the straps were joined together.

To weakness also were due most of the twenty-three breakages of

rocking shafts and levers in group C. Or, if " weakness " be objected
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to in the absence of definite proof or calculation, " inability to bear

the ordinary wear and tear of working " may be substituted.

Of the twenty-one breakdowns in group D, caused by fastenings

getting loose inside valve-chests, twelve were traced to nuts coming off

valve spindles or to corrosion of screw threads, and five to cotters

getting loose. Three were due to the breaking of buckles or bridles

from weakness ; and one to the excursions of a lump of iron, which

had been bolted to the inside of a valve-chest in order to reduce its

capacity. Probably the best way of fastening a slide-valve to its

spindle is to thread it upon a plain tube a bare 1-32nd inch longer

than itself ; to thread this tube upon the spindle ; and to secure it

by nuts screwed hard up against each end of the tube. If the nuts

be placed in recesses in the back of the valve, it becomes absolutely

impossible for them to get off the spindle. It is also advisable to

provide handholes in the valve chests or in the valve-chest doors of

large engines, in order to facilitate examination.

Of the eighteen broken eccentric-rods in group E, nine gave way

at the screwed ends, by which they were attached to the eccentric

straps : exemplifying the fatal effect of cross-bending stresses upon

V threads. Nine broke in the body of the rod without ascertained

cause.

The breakages of valves in group F were due for the most part

to. weakness. In five instances the faces of common slide-valves

were broken off from the exhaust hollow, probably through slamming

against the cylinder face. In two the cast-iron jaws which received

the T headed ends of the valve spindles were broken off. Two

valves having expansion plates on the back parted across the nearer

or front port-way ; the front piece, to which the spindle was fastened,

became detached from the back part, in which the exhaust hollow was

cast. The remaining eight cases were of a miscellaneous character.

The eleven breakdowns resulting from the breaking loose of strips

of brass pinned to the edges of slide-valves or ports need no

explanation. The remedy is evident.

Spur Gearing.—In this class, as already explained, only the

driving wheels upon the engine main-shafts were counted, the driven
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wheels or pinions being excluded. Had the latter been counted also,

the breakages of spur gearing would have been nearly doubled.

Moreover there were many instances in which a wheel suffered a

series of misfortunes, one following close upon another, and all

arising from the same cause. In such instances the whole series of

breakages is counted as only one breakdown ; this also will make

spur gearing appear less troublesome than it really is.

The 124 breakdowns in this class may be grouped as follows :

—

TABLE 3.—S]pur Gearing.

Cause or nature of Breakage, and Number of cases.

A Backlash from belt or rope drums on second-motion shafts . . .23
B Vibration due to high speed, heavy load, insufficient fly-wheel, and small

pinions............ 19

C Excessive stress due to teeth bearing on their corners and np to their

points ............ 16

D High speed and irregular pitch . . . . . . .11
E Bolts or pieces of broken teeth had got between wheels . . .10
F No evidence as to causes ......... 9

G Fractures from internal stress ........ 7

H Insufficient or loose supports ........ G

I Mortice wheels stripped ......... 5

J Putting new pinions to work with old wlieels ..... 4

K Small size of pinions ......... 5

L Sundry causes and pure accident ....... 9

Total breakdowns of Spur Gearing . . . 124

In group A the word " backlash " is used in the extended sense

in which it is understood in Lancashire and Yorkshire, including not

only backlash proper, but also break of contact between the working

faces of the teeth of the two wheels when the driven wheel overruns

the driver without actual backlash. To place rope or belt drums of

any considerable size upon shafts driven by spur gearing is nearly

always dangerous. Such drums are often put upon second-motion

shafts, to replace existing gearing or to drive additional machinery.

As they have generally to be got into existing buildings where there is

little room to spare, there is often a great temptation to keep down

their width and to adopt a high circumferential speed. This alone is

3 A
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sufficient to make the pinion on tlie second-motion shaft overrun the

spur wheel on the main shaft of the engine ; but when in addition

the ropes or belts bounce, as they sometimes do if long, imless the

engine has a jjowerful fly-wheel the effect is sure to be disastrous to

the gearing. In fact it may be safely stated that heavy rope or

belt driving should never be placed in sequence to spur gearing,

except after special investigation by a competent engineer fully

aware of the risk thereby incurred. The conditions necessary to

success are, first and most important, a powerful fly-wheel on the

engine crank-shaft ; secondly, a fairly uniform load, or a load which

changes but slowly ; thirdly, slow speed of ropes. It is true that, if

the speed of the ropes be reduced, their number and weight must be

increased ; but it must be remembered that, while the capacity of a

rope to transmit power varies at moderate velocities approximately

as the speed, its capacity for doing mischief, being measured by its-

energy, varies as the speed sq[uared. Hence, although two ropes-

running at 2,000 feet per minute may be required to transmit the

same power as one running at 4,000 feet, the two will have only

half the power of the one in resj^ect of damaging the gearing. The-

fact that twenty-three breakdowns have occurred, among the limited

number of engines which turn rope-drives through gearing, is strong

evidence of the danger of the arrangement.

For want of a more suitable expression, the nineteen breakdowns-

in grouj) B have been ascribed to vibration. The cause is actually

wear and tear of a particular kind of segmental spur-wheel working

under particular conditions, which may be understood from the

following Table 4, and from Fig. 1, Plate 122. Except in two

instances, where the teeth were cast uj)on the felks or segments of the

fl}"-wheel, the spur rims of all these wheels were made in segments,

generally machine-moulded, which were secured upon the outer

circumference of the felks by dove-tails, keys, and bolts, somewhat as

shown in Fig. 1 ; the felks and spur segments in most cases were

turned and bored to fit each other. It will be seen that, except

in the first instance, the power transmitted was 1,000 I.H.P. or

more ; the speed at the pitch line was over 2,200 feet per minute ;

and the teeth in the pinion were few in number, of great breadth.
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TABLE 4.

—

Spw' Gearing.

Nineteen Segmental-Bim Wlieels driving Pinions.

Power
trans-

mitted.

Circum-
ferential

Speed.
Feet
per

minute.

Mean
Pressure

on
Teeth.

Pitch
of

Teeth.

Breadth
of

Teeth.

Number
of

Teeth
in

Pinion.

Velocity

Eatio,

or ratio '

of Revs.

of Pinion
and "Wheel.

1

I.H.P. Feet. Lbs. Inches. Inches. Number. Eatio.

700 2280 10,100 4-5 14 42 3-8

1000 2356 14,000 5-4 17 41 3-4
1

1000 2334 14,200 5-0 18 43 3-2
;

1000 2261 14,600 5-5 18 41 3-3
j

1000 2241 14,700 5-6 18 46 2-5

1000 2208 14,950 5-0 18 47 3-2

1000 2200 15,000 5-62 18 46 3-4

1080 2318 15,400 5-25 16f 43 3-0

1100 2401 15,000 5-0 17 47 2-9

1100 2406 15,100 5-5 18 50 2-3

1100 2410 15,050 5-0 17 47 2-9

1130 2242 16,600 5-8 18 43 8-1

1150 2320 16,300 5 •75 18 46 3-1

1150 2320 16,350 5-75 18 47 3-0

1190 2323 16,900 5-7 18 47 3-0

1200 2209 17,900 5-0 19 52 3-0

1200 2418 16,400 4-75 19 52 3-2

1220 2209 18,200 5-0 m 49 3-2

1360 2325 19,300 4-5 18 71 2-8

3 A 2
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Moreover in many cases the pinion teeth were made of such a shape

as to have a longer contact Trith the wheel teeth before than after

passing the pitch point. All these wheels failed in one of two ways.

Either the teeth were fractured as shown at a a a by excessive pressure

on their ends, owing to the crank-shafts shifting in theii" bearings or

getting out of level ; or else the bearing of the segments upon the folks

and against each other was ground away by jar, and the segments

broke across, generally between the end tooth and the end but one,

as at c. It is not possible to describe in detail the causes of this

destructive jar, or the symptoms by which it may be detected ; it is

preferable to avoid entirely the use of wheels of this desigTi under the

conditions of large power and high velocity-ratio. If it be absolutely

necessary to use gearing under these conditions, the spur segments

should be carried upon the arms of the fly-wheel, as shown in Figs. 2

nnd 3, Plate 122, and not upon the felks ; and the latter should have

as large a radius as can be got in between the crank-shaft and the

second-motion shaft, so that the power of the wheel may be as great

as possible. To place the spur rim, whose velocity should be low,

on the outside of the fly-wheel, whose velocity should be high, is

contrary to common sense. The number of teeth in the pinion

should approach sixty ; and in order to obtain sufficient strength with

the fine pitch which the division of the circumference of the pinion

into as many as sixty parts will frequently require, the spur rim and

pinion should be of steel. Contact should commence about half a

pitch before the pitch point, and should cease about a pitch beyond, so

"that the work may be done rather in going out of gear than in coming

into gear. This means that the bearing of the teeth upon each other

should extend but little on each side of the pitch line : in other

words, that the teeth should be short. In no case should their height

exceed half the pitch. In some cases even shorter teeth may be

desirable, in order to gain strength and to diminish wear ; for when

wheels differ much ia diameter, the sliding of the teeth upon each

other increases rapidly as their line of contact recedes from the pitch

line. Short teeth may be narrower than longer teeth, and thus will

be less likely to suffer from concentration of the pressure <m their

ends. It is also a good plan in moulding the teeth to bevel the



Nov. 180G. STEAM-ENGINE BREAKDOWNS. 545

wearing faces of the teeth of both wheel and pinion at the ends which

are at the bottom of the mould ; so that, when the wheels are geared

together, with the bottom face of one wheel opposite the top face of

the other, the bevelled faces of the wheel teeth will be at the right or

left-hand end and those of the pinion teeth at the left or right-hand

end, thus preventing concentration of pressure upon the extreme ends

of either. This is a better plan than bevelling the ends of the teeth.

When the number of teeth in the pinion has to be reduced to forty or

less, double helical gearing should be used; but in this case the

length cf the second-motion shaft which carries the pinion should be

short ; and the shaft should have a claw coupling at each end, in

order to allow the pinion to move from side to side, so as to distribute

the load equally upon each half of the double tooth. Finally the

pedestals for the second-motion shaft, and the fixings which carry

them, must be massive and rigid. It is well to use wood keys behind

these pedestals, in order to allow the wheels to separate, should

anything get between them.

The sixteen breakdowns in group C are attributed to causes

similar to the last ; but with this difference, that the more serious

evils of heavy load and high velocity-ratio were not both of them

present. By keeping the shafts level, and the points and roots of the

teeth chipped, most of these breakdowns might have been prevented.

Many steam-users are quite satisfied to see a pair of wheels with

teeth polished from point to root, considering they have reached

perfection. This is all very well, so long as the crank-shaft can be

held quite steady ; but let an accident occur, such as a hot neck or

anything which will displace the wheels by ever so little, and the

result is sure to be disastrous.

In group D, containing breakages from high speed and irregular

pitch, ten out of the eleven wheels had spur segments moulded from

patterns, instead of by machinery ; and in three of the ten the teeth

were cast upon the folks, and were twisted and drawn, as they

generally are when cast in this way, by the contraction of the mass

of metal of which they form a part. In every instance the sjieed

was high, and in several cases there was more or less backlash or

over-running.
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Out of the ten breakdowns in grouj) E, caused by bolts or broken

teeth getting between the wheels, six were caused by bolts used for

fastening spur segments. In each instance the bolt passed through

the segment between the teeth, its head being countersunk ; and it

was secui-ed by a nut on the inner side of the felk or bracket to

which the segment was attached. The bolts broke at the screw

threads, and the shanks, having nothing to hold them back, were

di'iven out by centrifugal force. Few wheels have segments fastened

in this way, but among the few there were these six breakdowns.

Of the seven wheels in group G which broke from internal stress,

six were cast whole, of the following diameters :—6 ft., 6 ft. 10 ins.,

8 ft. 2 ins., 9 ft. 8 ins., 10 ft., and 10 ft. 11 ins.; and one of 10 ft.

9 ins. diameter was cast in halves. When large wheels are cast

whole, the bosses should be split at least between each pair of arms,

slotted out, and packed with planed wrought-iron plates, the whole

being afterwards secured by strong wrought-iron hoops shrunk

on each end of the boss. A key should be fitted under each segment

of the boss.

In the five instances in group K, in which the breakages have

been attributed to the small size of the pinions, the numbers of teeth

in the pinions were 29, 32, 3i, 3i, and 36. It is of course possible to

make wheels mathematically correct with less than half these numbers

of teeth ; but where one of the shafts is movable, like the crank-

shaft of an engine, pinions with so few teeth cannot be used to

transmit much power, except at speeds unsuitable for mill work.

Such wheels should have double helical teeth, as already described.

Air-Pump Motions.—The 121 breakdowns of these parts may be

subdivided as in Table 5.

The breakages of air-pumi) motions are almost as difficult to treat

as those of valve-gear. There is the same uncertainty as to stresses,

and the same absence of detailed information as to the dimensions of

the broken parts and as to the circumstances under which the

breakdowns occurred. The consequence is that nearly half the cases

have been included in group A under the heading " weakness, wear

and tear, or neglect." At first sight it might appear that there
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TABLE b.—Air-Punq) Motions.

Cause or nature of Brealmije, and Number of cases.

A Weakness, wear and tear, or neglect :

—

Air-pump-rod cross-heads broken . . . . . .20
Levers, principally bell-crank, broken . . . . .17
Crank-shafts, cranks, rockiug shafts, or eccentrics, broken . 11

Slides or slide-bars, broken ....... 3 51

B Air-pump rods broken :

—

At cotter holes by driving cotters, or from -weakness at other parts 15

From various causes ........ 6 21

C Fastenings getting loose:

—

Cotters coming out of top ends of bucket-rods ... 7

„ „ „ other parts of motions .... 4

Bolts breaking or getting loose ...... 7 18

D Breakages of eye-bolts or rod-ends at bottom of trunks, from wear 14

E Fastenings at bottom ends of bucket-rods, getting loose or breaking 12

F Sundry breakages ......... 5

Total breakdowns of Air-Pump Motions . . 121

should be no difficulty in distinguishing between the effects of these

three causes ; in fact it is otherwise. The load on an aii'-jDump

bucket when the head valve opens maybe anything from 10 to 20 lbs.

per square inch ; for the first a motion may be sufficient, for the second

far too weak. Again, with the arrangement of links, bell-crank

levers and side-rods, commonly adopted for horizontal engines—and

forty-six out of the fifty-one motions in group A were of this kind—the

distribution of the load upon the difterent parts may be materially

affect'Od by improper adjustment of brasses and cotters
;

yet all

evidence of the fact may be destroyed on the occurrence of a

breakdown.

As regards the cross-heads, the author has sufficient data to

say that they were generally too weak. In the example shown

in Fig. 4, Plate 122, the bucket was 24 inches diameter ; assuming

the load upon it to have been 15 lbs. per square inch, and this load

to have been equally distributed upon the two side-rods, the bending

stress at the neck of the journal where fracture occurred would have

been 15,750 lbs. per square inch. It is not surprising that the

cross-head broke as it did, after 49 million applications of this stress.
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As regards tlie otlier j^arts mentioned in group A, there is not

enough information to decide which of the three causes—vreakness,

wear and tear, or neglect—was most destructive. All that can be

said about them is that they afford strong evidence that many air-

pump motions are unable to correspond with their environment.

They need more attention than they commonly receive, greater

strength, larger bearings, cleaner and lighter situations. One reason

why they are so often neglected is that they often cannot be

approached with safety while at work, and only at the expense of a

suit of clothes while standing. For factory engines, where weight is-

of little consequence, the parts should be calculated to bear a load

of 20 lbs. per square inch upon the bucket with a stress of say

5,000 lbs. per square inch ; and the wide cross-heads with side-rods

far apart, so common in horizontal engines, should if possible be

done away with.

The second group B is important, because cottei's are here met

with for the first time. It contains fifteen instances of rods broken

at the cotter-hole. Cotters are often treated with slight consideration.

This is unwise, because a little inattention will change a cotter from

a useful servant into an effective instrument of destruction. For.

instance, if, as in Fig. 5, Plate 123, a cotter have not exactly the same

taper as the cotter-hole, the stress will be concentrated on the metal

at the edge of the cotter-hole where the material runs up to a sharp

edge, as shown at a a in Fig. 6. Again, if the cotter be not deep

enough to be absolutely free from any tendency to bend, the same

concentration of stress upon the extreme edges of the cross section

will occur, as shown in Fig. 7. And even if the cotter be absolutely

rigid and accurately fitted, the stress at the edges of the cotter-hole

may be much enhanced if the rod be permitted to bend in the plane

in which the cotter is driven, as shown exaggerated in Fig. 8. A
cotter should therefore be deep enough to be rigid, and should be

accurately fitted ; the cotter-hole should be formed with all its

edges well rounded off, as indicated in Figs. 9 and 10, so as to

increase the quantity of metal available for bearing the maximum

stress ; and lastly, the cotter should be driven in the plane at right

angles to that in which bending of the rod is likely to occur, as
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indicated in Fig. 11, so that the cotter-hole ibeing in the neutral

position may not suffer deformation. The sketches are of course

exaggerated ; but it is sometimes useful, in designing pieces of

machinery, to consider what would happen if the material were

capable of being stretched and deformed like india-rubber.

Cotters occur also in the third group C ; and it is worth noting

that six of the first seven breakdowns in this group were caused by

cotters coming out of the top ends of air-pump bucket-rods of

beam engines. The air-pump connecting-rods of these engines,

being long and slender, often vibrate or whip considerably ; hence it

is easy to see that, if the cotters connecting them to the bucket-rods

be driven in the manner shown in Fig. 8, Plate 123, they are likely

to get loose.

The fourth group D is more satisfactory to deal with, as it

teaches a definite lesson. Among the engines which have furnished

the material for this paper there were certainly not many more than

fourteen which had air-pump buckets driven by trunk motions,

possibly not even so many as fourteen ; so that the figure in Table 5

shows that, if the trunk motions insured did not all of them break

down, at least a large percentage of them did, and some of them

more than once. The cause was the same in every instance :

—

accumulation of dirt in the bottom of the trunk ; wear of the pin

connecting the rod to the eye-bolt, or of the eyes in which the pin

worked ; heavy knocking ; and breakage. The lesson taught is that

trunk motions should not be adopted, if there be room for any other

arrangement.

The fifth group E is also satisfactory, as showing clearly what

should not be done in the matter of fastening air-pump buckets upon

their rods. In all the twelve instances the buckets were slipped

upon the ends of the rods, and secured against a cone or collar by

nuts or cotters or both on the underside. Thus the fastenings could

not be examined without drawing the buckets, and were neglected

till they got loose or broke or disappeared by corrosion, with the

result that the buckets dropped off the rods, and were pounded to

pieces by the rod ends. The collar or the big end of the cone

should be at the extreme end of the rod, and the bucket should be
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secured against it by a cotter, or preferably by a nut, on the upper

side ; the same cotter or nut may also secure the guard, if the bucket

have a single valve. Or if plain cast-iron buckets be used, they

may be Tvarmed and screwed firmly upon the ends of the rods, which

may then be riveted over.

Air-Pump Buckets and Yahes.—Here both the causes of damage

and the precautions to be taken for avoiding them appear more

clearly than in the previous classes. The eighty-eight cases may be

subdivided as under :

—

TABLE 6.

—

Air-Pump Buckets and Valves.

Cause or nature of Breal:age, and Number of cases.

A Foot-valves breaking, including frames, valves, guards, and fastenings

B Buckets jammed by vrom packing-rings

•C Head-valves breaking

D Bucket-valves and guards breaking .

E Buckets breaking

F' Miscellaneous .

32

21

15

10

8

2

Total breakdowns of Air-Pump Buckets and Valves . . 88

Of the foot-valves which caused the thirty-two breakdowns in the

first group A, all but one were the flap-valves of ordinary vertical

single-acting air-pumps. When they were of brass, either the

frames were broken by the hammering of the valves upon them ; or

the valves got loose, owing to the wearing away and breakage of the

hinge-pins at the ends, or of the eyes in \vhich these pins were held.

The broken or liberated pieces were then washed into the pump, and

getting on end during the up stroke of the bucket smashed the latter

when it descended, or else drove out the air-pump lx)ttom. When
the valves were of india-rubber, theii" guards either broke, or got

loose through the breakage of the bolts which fastened them to the

grids ; or else the gi-ids themselves got loose- If the grid were

strongly made, as shown in Figs. 12 and 13, Plate 123, and fitted

into grooves in the aii'-pump bottom, if the valve were made of

india-rubber and hung upon pegs p screwed into the grid, and if the

whole were secured in place by the foot valve-box lid I with guard
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•cast upon it, a fruitful cause of breakdown would be removed. If

the quantity of oil in the condensed steam be so great as to prevent

the use of india-rubber, as is sometimes the case with surface-

condensers, then it is best to use a number of small brass valves in

the bottom of the barrel : supporting if necessary, by a foot in the

middle, the grid in which they are fixed ; and providing a door in

the side of the barrel for facilitating examination. Such valves, if

they get loose, are too small to^do damage.

Of the breakdowns in the second group B, three were due to the

swelling of wood lagging on buckets, whereby the buckets were

fixed so tightly in the barrels that the rods were torn out of them

or the motion was broken. The remainder were caused by brass

packing-rings, which having worn thin had broken, and jammed the

buckets in the barrels. Such rings are expensive, dangerous, and

entirely useless. It is not necessary that the bucket of a vertical

or properly constructed horizontal air-pump should be absolutely

water-tight. With moderately clean water a plain bucket, without

any packing whatever, will maintain as good a vacuum as one with

the most expensive packing. If the water be gritty, a bucket packed

with rope is best.

The breakages of head-valves in group C, or more correctly of

grids on which head-valves worked, were generally due to weakness.

These grids are often little more than flat discs, with about 30 per

cent, of their area removed to form the water-ways. They should

be well strengthened by radial ribs ; and these, as well as the bars

between the water-ways, should be tapered to an edge on the

underside, so as to offer little resistance to the water when it strikes

them.

Five of the breakdowns in grouj) D were caused by the breakage

of air-pump bucket-valve guards ; four by the breakage of bolts

securing guards, or securing the hinges for brass valves ; and one

by the breakage jof a brass valve. To give an idea of the extent

of the damage which sometimes follows a small breakage, it may be

mentioned that the breakage of one of these bolts bent the air-pump

rod and piston-rod, and broke the cross-head and slide-bars ; a

piece of one of the latter fell into the crank pit, and the crank.
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coming into contact with it, lifted the shaft, broke the pedestal and

bed-plate and holding-down bolts and also the boss and one arm of

the fly-wheel, besides several of the spur segments attached to the

fly-wheel arms.

Of the eight buckets in group E, five failed through fracture of

the arms connecting the rim to the central boss, either from weakness-

or from undue initial stress. The three others failed from various

causes.

Columns, Entablatures, Bedplates, and Pedestals.—The eighty-sis

breakdowns under these heads are divisible into the following

groups :

—

TABLE 7.

—

Columns, Entablatures, Bedplates, and Pedestals,

Came or nature of Breakage, and Xiimber of cases.

A Settlement of foundations :

—

Crank-pedestals and bedplates of beam engines .

Entablatures of ditto .....
Columns of ditto ......
Bedplates of horizontal engines, near crank pedestals

B Water in cylinders :

—

Crank pedestal of beam engine

Crank pedestal cap of ditto

Beam pedestal of ditto

Column.....
Bedplates of horizontal engines

Crank pedestal of ditto .

C TTeakness :

—

Pedestals or caps of beam engines

„ „ „ horizontal engines

D Hot necks :

—

Crank pedestals or caps .

E Causes not ascertained :

—

Columns .....
Entablature .....
Crank and beam pedestals and caps .

F Miscellaneous .....

14

6

5

12 3~

1

1

1

1

I

1 12.

2

1

1.5 18

7

Total breakdowns of Columns, Entablatures, Bedplates, and Pedestals 86
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In this class, as in the last preceding, the causes of many of the

breakdowns are M-ell defined. Of the total of eighty-six breakdowns,

the thirty-seven in group A—namely twenty-five of beam engines

and twelve of horizontal engines—were caused by settlement of the

seats on which the engines stood, either by sinking or softening of

the ground below, or by softening of the stones and destruction of the

cement or mortar in the joints by oil. The settlement of column

and cylinder seats is generally due to the first of these causes ; that

of the walls under crank pedestals to the second. When column

seats settle, the holding-down bolts of the columns should be slackened

and the beam hung up, so that the entablature relieved of weight may
take its natural position. The columns should then be packed up

with broad folding wedges. If the seat be too light or the stones

broken, it is sometimes best to put in an entablature of sufficient

depth to carry the beam without the support of the columns, tying

the new entablatui'e down at each end to beams let into the bottom

of the walls. Most of the breakages of columns and entablatures are

caused by tightening the holding-down bolts when the column seats

have gone down. The bedplates of horizontal engines also are

often broken in this way. The bedplates under the crank pedestals

of beam engines, being merely thin slabs of metal, are frequently

broken by the mere pressure on the crank pedestal when the stone

below has sunk. In such cases the only radical cure is to rebuild

the seat, or to replace the upper part of it by a strong deep casting,

capable of sustaining the greatest weight which can come upon it

if supported only at the ends. The best way however is to keep the

seat, and the ground below it, dry and free from oil. In the case of

concrete seats this is especially necessary, as oil soon converts the

concrete into a paste. When concrete is used, the safest plan is to

cover the upper surface with strong cast-iron plating, having raised

edges to retain all oil and water, and planed facings to receive the

cylinders and bedplate. In all cases arrangements should be made

for catching the oil from the bearings, and conveying it to a suitable

receptacle.

The twelve breakdowns in the second group B were caused by

water in the cylinder. In some instances the water came through the
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condenser, in others from the steam pipes. TiTien an engine is-

stopped hurriedly, either by the runaway motion or by hand, it often

happens that the usual jDrecaution of destroying the vacuum i&-

neglected, and the water from the cooling pond is forced up the-

exhaust pipe and fills the cylinder, causing a smash when the engine

is re-started. When the water comes from the steam pipes, it is

generally at starting time. Lancashii-e boilers seldom prime ; but if

the steam pipes bo long and badly laid, much water may accumulate

in them while the engine is standing, which will be driven into the

cylinder when the engine begins to move. The preventive in the

first case is an air valve connected to the runaway valve and stop

valve ; and in the second a sej)arator, if possible close to the engine^,

but at any rate at the lowest point of the steam pipes. The ste.am pipe-

ought to have a continuous fall from the junction valve on the boiler

to some point near the engine, where it should then turn downwards

into a separator, as shown in Fig. 14, Plate 123, From the separator

the steam pipe should rise continuously to the engine, the stop valve

being placed as near the highest point as possible. The sejiarator should

be drained by a steam trap, and should also have an open drain-cock

and a water gauge. Usually the author has made the cross sectional

area of the separator such that the velocity of the steam may not-

exceed 5 feet per second ; but judging from experiments made in

America* a much smaller area would be sufficient. If a sei^arator be

considered too expensive, a plain well-pipe will suffice to prevent

damage. Spring-loaded safety-valves on the cylinders are great

safe-guards ; but they do not prevent breakdown if the quantity of

water be large.

For the remaining cases in groups C, D, E, F, no general remedy

can be prescribed,

* "Keliability of Throttling Calorimeters," by Professor James E. Denton..

Engineering, 14 Feb. 1896, page 207. A velocity of 17 feet per second in a

Stratton separator is said to Lave given steam with less than 1 per cent, of

moisture.
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3Iain Shafts.—Of these there are forty-nine instances, wliieh may-

be subdivided as under :

—

TABLE 8.—Main Shafts.

Cause or nature of BreaTcafje, and Xumher of cases.

Breakages of Plain shafts :

—

A Wear aud tear :

—

Fractured in neck ......... 37

„ in body 3 40

B Bearings out of line ......... 4

C Cause not ascertained......... 1

D Internal stress .......... 1

Breakages of Cranked shafts :

—

E Wear and tear .......... 2

F Yv^ater in cylinder ......... 1

Total breakdowns of Main Shafts ... 49

It is now generally admitted by engineers that iron and steel do

degenerate by wear and tear, and that such parts of steam engines as-

the main shafts break down in old age under loads which they

supported easily in their youth. All the forty main shafts in group A
seem to have failed from this cause, some sooner, some later, according

to the hardness of their lives aud the soundness of their constitutions.

In the first thirty-seven cases, M'here the fracture occurred in the-

neck, the process of destruction was generally gradual ; the symptoms

of weakness, namely black or reedy marks or slight surface-cracks,

usually presented themselves several years, sometimes many years,

before the final breakdown of the shaft ; but occasionally the life of

an apparently perfectly sound shaft was cut short suddenly. An
example of gradual destruction, from the ajjpearance of the first well-

defined crack to dangerous fracture, is shown in Figs, 15 to 15d,

Plate 124, which represent the state of the shaft at intervals of

twelve months from 1888 to 1892. An examj)le of the development

of a dangerous crack within a period of sis months is shown in

Fig. 29. The following Table 9 (pages 556-7) gives approximately

the loads under which these shafts worked during their later years,.

and the number of revolutions made before breaking. The direction

and extent of the fractures are shown in Figs. 15 to 51, Plates 124

and 125, to which the numbers in the first column refer.
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TABLE 9 {continued on opposite page).

Thirty-seven Plain Main Shafts fractured in neck by wear and tear.

See Mean Maximum Equivalent
Piston- Bending of maximum

Plates Description Material Speed. Stress, Bending and

124 of of crank Twisting

Engine. Shaft. Feet on Stress
and per centre. combined.

125. minute. Per sq. in. Per. sq. in.

Fig.
15d

See foot-notes. Feet. Lbs. Lbs.

2 McN B WI 374 13,130

16 2 McN B WI 352 11,410

17 2 McN B WI 360 / 8,230\
\ 9,240/

18 2 McX B WI 330 5,740

19 2 McN B WI 340 10,570

20 2 McN B BS 396 / 5,290\
1 6,370/

21 2B WI 350 / 7,890\
113,180/

22 2B CI 408 5,960

23 McNB CI 384 5,200

24 McNB WI 430 12,400 1

25 McN B WI 315 10,700

26 McNB BS 425 /10,280\
\ 12, 600/

27 McN B WI 420 8,570

28 McNB WI 390 12,800

29 McNB WI 384 5,900

30 McNB WI 468 9,660

31 \
31a/
32

McN B WI 444 10,080

McN B WI 450 9,920

33 McNB Whs 450 14,420

34 B WI 380 4,205

35 B WI 324 8,400

;
36 2HT WI 492 /3,880

15,550
5,760\
7,730/

1 37 2HT WI 500 5,760 8,000

38 2HT BS 378 6,560 10,300

i 39 2HT WI 492 7,080 8,040

; 40 2HT WI 408 4,500 7,120

i 41 2H BS 440 6,900 9,980

42 2H WI 350 6,770 8,770

43 2V WI 350 8,590 8,490

44 2V WI 376 7,600 11,900

45 HT S 730 4,730 8,940

46 HT WI 492 5,370 9,190

47 HT WI 730 4,250 6,460

48 H WI 432 6,500 7,340
49 H WI 445 8,900 11,600

50 H WI 295 9,600 10,400

51 H WI 350 15,100 15,000

ISIcN B = McNaughted Beam engine ; 2 McN B = Pair of McN B.

H T = Horizontal Tandem engine ; 2 H T = Pair ofH T.

H = Horizontal single-cylinder engine ; 2 H = Pair of H side by side.

B = Beam engine. 2 V = Pair of Vertical engines.
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(concluded from opposite page) TABLE 9.

Thirty-seven Plain ^ain Shafts fractured in neck by loear and tear.

See
Millions

Plates
of

124
Eevo-

Eemarks.

and
lutions.

125.

Fij?. Millions.

15d 123
16 149 Shaft said to liaye made 149 million revs, under this stress

;

17 102 Load gradually increasing. ^ querj .

18 451 Well authenticated instance of wear and tear.

19 8Si Revs, -were more than 8SJ millions; hut how many more, or

20 44i under what load, could not be ascertained.

21 102 Load gradually increasing.

22 177
23 698 Engine has made about 698 million revs., and there is no
24 record of a new shaft having been put in.

25 Probably load was much less at first.

26 n After 79 million revs., pressure was raised and load increased ;

after which the shaft made 3 million revs. more.

27 186i At least 186J million revs. ; may have been more.

28 38
29 52
30 123 No fillet at end of neck.

31
)

31a/
46

32 130*
33 4l|
34 No sketch made of fracture at time of breakdown.
35 No fillet at end of neck.

36 / 62\

I 27/
71

1

After 62 million revs., larger high-pressure cylinders were

37
put in, and load was increased.

38 36i
39 124
40 109^
41 101
42 176
43 311 Not quite certain whether revs, may have been fewer.

44 181 Doubtful whether stresses always as heavy as here given.

45 24i
46 138
47
48 236 Load was less in early life of shaft.

49 31
50 185 Load irregular ; maximum stress sometimes 12,000 lbs. per

51 134 sq. inch, but often very small indeed.

C I = Cast-iron ,- W I = Wrought-Irou.
S = Steel, probably Siemens-Martin.

B S = Bessemer Steel.

"\Vh S = Whitworth fluid-compressed Steel.

3 B
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In calculating the stresses on the shafts of horizontal and vertical

engines, the effect of the inertia of the moving parts has been

estimated and allowed for; and Table 9 shows both the bending

stress when the crank was on the centre, and also the stress produced

by a bending moment e(iuivalent to the combination of the actual

bending and twisting moments, when this equivalent moment was a

maximum, generally at about the point of cut-off. In the case of

beam engines, the correction for inertia has not been made, and only

the stresses due to the combination of the bending and twisting

moments are given. Although uncorrected, these stresses will be

approximately correct, because the maximum stress in most cases

occurred near the middle of the stroke, where the effect of inertia

would be small ; the actual stresses would probably not be more than

10 to 15 per cent, less than the amoimts given in Table 9.

The equivalents of the bending and twisting moments are

calculated by the usual formula, M = ^ M^ + ^ ^l^qr^^ on

the assumption that the pressure was applied at the middle of the

crank-pin, and that the shaft was supported at the middle of the

bearing. The weight of the fly-wheel has not been taken into account.

This weight does not affect the calculated stress at the middle of the

neck ; but it increases the stress at the end next the wheel, as shown

by the diagrams. Figs. 54a to 5id and 55c to 55/, Plates 127 and 128.

For this reason, and also because it is quite certain that when an

engine is at work the resultant reaction of the main bearing does

not act through the middle of the neck, as it is supposed in text-

books to do, the amounts given in Table 9 cannot be considered as

more than approximations to the actual stresses.

The three shafts in group A which fractured in the body are

shown in Figs. 52, 52a, 53, and 54, Plates 126 and 127. In the first,

the cracks appeared as shown in Fig. 52, close to the collar, and

gradually extended till they attained the dimensions shown in

Fig. 52a, when the shaft was taken out aud broken under a tup

;

they were distinctly due to bending stresses. In the second, the

crack was found imder one of the eccentrics, close to the swell for

the fly-wheel keys, as shown in Fig. 53, Plate 126. The engine was

a McXaughted beam engine, and had made altogether 176 million
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revolutions ; originally it had been a simple beam engine, but after

making 82 millions it had been McNaugbted, and may at the same

time have had a new shaft. Since then the shaft had made 94 million

revolutions under a stress varying from +_ 1,250 lbs. to ~+ 9,900 lbs.

per square inch in each revolution. The third shaft, shown in

Fig. 54, Plate 127, broke in the swell for the fly-wheel keys after

running 80^ million revolutions under stresses varying from

+_ 2,500 lbs. to '+ 8,200 lbs. per square inch in each revolution.

The bending moments in four positions of the cranks are shown in

the diagrams. Figs. 54a to 5Ad.

In undertaking this laborious investigation, the writer hoped that

some connection between stress and durability would have been

disclosed. In this he has been disappointed ; nevertheless he gives

figures as facts not usually recorded.

Of group B in Table 8 it is unnecessary to write ; but the single

case in group C is too remarkable to be passed by unnoticed. The

shaft, shown in Fig. 55, Plate 128, coupled a pair of McNaughted

beam engines, and carried a spur fly-wheel. On removing one of the

eccentrics for the purpose of making some [alterations, a deep

circumferential groove was found, as shown in Figs. 55a and 55&,

Plate 126. It varied from -| inch to 1 inch in depth, and from i inch

to ^ inch in width at the surface. The shaft was of wrought-iron,

and had worked night and day except on Sundays for 27 years, during

which it had made about 340 million revolutions. When broken, the

interior was found to be quite sound. The bending moments in four

positions of the cranks are indicated by the diagrams, Figs. 55c to 55/,

Plate 128. The maximum stress varied from 4^ 7,200 lbs. to

4^ 10,180 lbs. per square inch on the original section, or from

+^ 11,700 lbs. to + 16,400 lbs. per square inch on the section remaining

inside the groove. The fly-wheel and eccentric were both of cast-iron,

held by wrought-iron keys. What was the cause of the grooving ?

The single case in group D, Table 8, should also be noticed.

The shaft was of Whitworth fluid-compressed steel, and broke after

running 61^ million revolutions under the low stress of only about

4,600 lbs. per square inch. The crack, which] is shown in Fig. 56,

3 B 2
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Plate 126, had clearly started from the inside, and gradually extended

outwards. It is therefore attributed to internal stress.

The remaining instances in groups E and F need no remark.

Connecting Rods.—The forty-one cases may be subdivided as

under :

—

TABLE 10.— Connecting Rods.

Cause or nature of Breakage, and Xumber of cases.

A Breakage of gibs or cotters for securing open-ended straps

;

at big ends 10, at little ends 6 . . . . . . .16
B Breakages of open-ended straps; at big ends 11, at little end

C Forked ends ; •wrought-iron rods 5, cast-iron rod 1

D Big ends of cast-iron rods.....
E Closed •wrouglit-iron links at top ends of cast-iron rods

F Bolt in marine-pattern end broken at thread

G Imperfect weld in]^body of "wrought-iron rod

Totul breakdowns of Connecting Eods

13

<J

2

2

1

1

41

The subdivision brings out the fact that of forty-one breakdowns,

most of which were complete smashes, no less than twenty-nine were

brought about by the failures of open-ended straps, or of the gibs or

cotters for securing them. The failures were generally due to

weakness. The practice seems to be to proportion gibs and cotters

as if they could fail only by shearing. As a matter of fact they

generally fail much more like a girder, by bending ; and considered

as uniformly loaded girders they are often far too weak. The

opening of the straps, which always takes 2)lace to a greater or less

extent, also tends to break off the jaws of the gibs. The straps in

most cases gave way at the oil holes, or in the flat part between the

cotter hole and the bend, not in the middle of the bend itself; and

they failed under comparatively low calculated stresses. The cracks

moreover generally commenced on the inside, where they could not

be seen while the straps were in place. If open straps be used, they

ought to be secured by strong bolts, in addition to the gibs ; or by

bolts alone, as in locomotives. But the better plan is to use solid

ends, wherever possible ; and it always is possible when the crank-

pin is overhung.
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As regards the breakages of forked, ends in group C, it may be

suggested that if forked ends be used it is best to fix the centre-pin,

about which the rod swings, in the forked end of the rod itself; and

to let the pin work in the cross-head, instead of in the forked end of

the rod : only in this way can equal distribution of stress upon the

two arms of the fork be insured.

Cylinders and Valve-Chests.—In all thirty-five cases, divisible as

under :

—

TABLE 11.

—

Cylinders and Valve-Chests

Cause or nature of Breakage, and Xumber of cases.

A Fractures from weakness :

—

Flat surfaces in valve-chests ....... 9

Cylinder covers ......... 6

Valve-chest doors ......... 3

B Cylinders broken by water

C „ „ by excessive pressure

D „ „ by corrosion .

E Cylinder feet broken off .

F Liner cracked by unequal expansion .

G Throttle-valve casings broken by water-hammer action

Total breakdowns of Cylinders and Valve-Chests

IS

5

3

2

1

2

35

Of the nine fractures of flat surfaces in group A, six occurred in

the flat surfaces of slide-valve chests or of the passages in connection

with them ; and three in flat-sided passages connecting the two steam

valve-boxes of Corliss cylinders, in which the cylinder valve-boxes

and passages were contained in a single casting. One of the Corliss

cylinders was the condensing cylinder of a compound engine ; all the

others were high-pressure cylinders. Of the cylinder covers, two

belonged to condensing cylinders, the rest to high-pressure. All

the valve-chest doors belonged to high-pressure cylinders. All these

breakages may be ascribed to weakness, that is, inability to bear

the ordinary working pressures and stresses induced by unequal

expansion of the different parts ; and besides the fractures mentioned

in Table 11 there were a considerable number due to this same

cause, which were not of sufficient extent to be classed as breakdowns.
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To cast large cylinders in one piece with their valve-chests and

passages is in the writer's opinion entirely wrong, unless it be

important to keep down weight.

The next group B contains breakages from water. In one

instance the cylinder had safety-valves ; in the others there were

none. Safety-valves are no doubt a safe-guard ; but they are far

from sujfficient to avert disaster, if large quantities of water get into

a cylinder. An air-valve on the condenser or exhaust pipe, connected

with the stop-valve, and a separator or well-pipe, as described

previously (page 554), are the proper preventives.

Of the three breakages C from excessive pressure, all of which

occurred in the low-pressure cylinders of compound engines, one was

due to deliberate overloading during the repairs of another engine
;

the other two were the results of accidents. In both of the latter

the slide-valve of the low-pressure cylinder had stuck fast at the

middle of its travel, owing to the eccentric having slipped, and had

blocked the ports into the cylinder. The engine had been kept

running by the high-pressure cylinder and a heavy rope-drum ; and

the steam having no outlet had accumulated in the low-pressure

valve-chest till the latter burst. Other similar accidents have

occurred. All prove the necessity of having a large safety-valve on

the pipe between the high and low-pressure cylinders of every

compound engine.

Of the remaining instances it need only be said that the cylinder

feet in group E were broken by excessive compression, weakness, or

tightening the holding-down bolts.

Parallel Motions.—Of the thirty-five breakages twenty-five were

breakages of eye-shafts, through weakness and abrupt change of

section fi'om square to round ; six were breakages of radius rods

;

and four of radius-rod brackets. One of these last brought the

whole engine to the ground; the other cases had no serious

consequences. Eye-shafts should be made much stronger than they

usually are ; but it is not worth while saying much about them, as it

is not likely that many more will be made, except to replace

breakages.
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Governors and Governor Gear.—In all twenty-eiglit cases, of

wliicli several led to racing, with disastrous conseq[uences. They

may be divided thus :

—

TABLE 12.

—

Governors and Governor Gear.

Cause or nature of Breakage, and Number of cases.

A Governors broken : arms 5, pins and bolts 4, spindles 3, lever 1 . .13
B Driving gear broken : spur and bevel wheels 9, shafts 2 . . .11
C Connections to valve gear damaged

:

throttle-valve spindles 2, runaway gear 2 , . . . •I
Total breakdowns of Governors and Governor Gear . . 28

It is difficult to prescribe for breakages of this class. All that

can be said is that the governor should be driven from the crank-

shaft either by gearing or by three ropes ; that it and its connections

should be carefully examined daily ; and that it should have an

efficient runaway-motion attached, wliich will come into action not

only when the balls rise too high, but also when they fall to the

bottom, so that it may shut off steam in the event of the governor

ceasing to revolve through breakage of the driving gear.

Piston-Bods.—The twenty-seven cases may be grouped as.

under :

—

TABLE 13.—Piston-Bods.

Cause or nature of Breakage, and Number of cases.

Eods broken at Cross-head end :

—

A Eods broken at cotter boles . . . . . . ... 15'

B Cotters broken or loosened :

—

broken by wear or weakness ...... 2

„ „ water in cylinder ...... 2

got loose and came out ....... 2 6

C Screw-thread stripped ......... 1

Eods broken at Piston end :

—

D Screwed ends broken off ......... 2

E Eod broken at cotter hole through corrosion 1

Eods broken in body :

—

F Cause not ascertained ......... 2

Total breakdowns of Piston-Eods . . . .27
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The particulars of tte fifteen cases in group A are given in the

following Table 14, and in Figs. 57 to 71, Plate 129. The cross

section annexed to each figure is intended to indicate the plane

in which the cotter was driven : when it was driven in the plane in

which the crank-pin revolved, the cotter hole is shown vertical

;

when in the plane perpendicular to this, horizontal :

—

TABLE 14.

Fifteen Piston-Rods broken at cotter hole in cross-head end.

See
Plate
129.

Load
per

square
inch.

Millions

of

Kevo-
lutions.

Material of Rod ; and Kemarks.

Fi?.

57
58
59
60
61

62

68

64

65
66

67

68
69
70
71

Lbs.

5,900
11,000
6,600
8,000
5,300
5,300

8,500

/2,100
\3,100
2,600
4,360

6,550

5,100
3,900
4,700
4,600

Millions.

Ill
44
117
46
104
138

3|

59\
59/

247

68
25
144

S8i

Wrought-iron.
Wrought-iron.
Wrought-iron.
Steel, probably Siemens-Martin.
Bessemer steel.

Wrouglit-iron.

jWrought-iron. Cotter had been repeatedly

I drawn and driven up, owing to trouble with

(
piston.

jWrought-iron. Stress only 2,100 lbs. per sq.

\ inch for first 59 million revs.

Wronglit-iron.

Wrought-iron.
fWrought-iron. Load probably lighter in early

\ life.

Wrought-iron.
Wrought-iron. End of rod was not sound.

Steel, probably Siemens-Martin.

Steel, probably Siemens-Martin.

In calculating the stresses in this table, the weights of the pistons

and piston-rods have been estimated, and the effects of their inertia

allowed for. The stresses so arrived at are of course the mean

stresses resulting from a uniform distribution of stress over the

entire cross-section of the rod. Moreover they do not include the

stresses produced by driving the cotters. Looking at the low

intensities of the breaking stresses thus calculated, it becomes

evident, either that the stresses produced by driving the cotters were

very great, or else fhat the distribution of stress was very unequal.

The majority of these rods the author has little doubt were
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broken by driving imperfectly fitted cotters ; be bas already

explained bis views (page 548) witb respect to tbese dangerous

articles. As regards tbe sbape of tbe rod ends in wbicb tbe cotter

boles are bored, in factory engines, wbere weigbt is of little

consequence, piston-rods are always reduced at tbe end tbat enters

tbe cross-bead. Tbe reduction is generally made abruptly, as sbown in

Fig. 71 ; and until recently tbe end of tbe rod was generally tapered,

and tbe cross-bead drawn up by tbe cotter against tbe sboulder or taper.

Tbe abrupt cbange of section is a source of weakness, especially in

steel. Tbe autbor bas in bis possession a fine example of tbe efiect

of a sboulder barely 1-1 6tb incb deep on a steel rod, wbicb gave

way at tbe cbange of section as cleanly as if it bad been cut across.

Also it is wrong to cotter against a sboulder or taper, because tbe

rod end being free may be wedged off if tbe cotter be driven bard

enougb. Tbe best plan is to make tbe end of tbe rod cylindrical, to

let it butt against tbe bottom of tbe cross-bead or socket, and to join it

to tbe body of tbe rod by a gentle cone. Tbe sbarp edge of tbe socket

sbould be taken ofi", like tbe sbarp edge of a rivet bole. Wben tbe

rod passes tbrougb tbe cross-bead, it is best to use a nut. Wbat tbe

sbaj^e of tbe rod end sbould tben be, tbe autbor is not prepared to

say, baving bad too little experience of screwed ends to become

acquainted witb tbeir peculiarities. Probably an acute cone,

as sbown in Fig. 72, Plate 129, followed by a cylinder of less

diameter tban tbe screw, will be found to answer best.

Piston-rod Cross-heads.—Tbe twenty-seven examples may be

grouped as under :

—

TABLE 15.

—

Piston-rod Cross-heads.

Cause or nature of Breahage, and Number of cases.

A Weakness, or wear and tear :

—

Arms of cross-head broken ....... 9

Centres broken in sockets ....... G 15

B Accidents ........... 4

C Sundry causes........... S

Total breakdowns of Piston-rod Cross-heads . . .27
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As regards tlie first group A, it is not easy to separate tlie eflfects

of wear and tear from those of weakness, because of the uncertainty

about the distribution of the load upon the two arms of the cross-head,

and about the effect of the more or less rapid change of sectional

area where the fractures occurred. The best plan seems to be to

give the calculated stresses on the assumption of equal distribution,

and to leave every one to draw his own conclusions. These stresses

are given in Table 16 ; and the cross-heads are shown in Figs. 73

to 87, Plates 130 to 132.

The process of destruction, whether under a light load as in

Fig. 84, Plate 132, or under a heavy load as in Fig. 79, Plate 131,

was generally the same : namely a crack commencing in beam engines

at the top and bottom, and in horizontal engines at the back and

front, of the weakest cross-section, and gradually eating its way

inwards towards the neutral axis. This action is clearly shown by

the cracks in Fig. 79, and by the cross section appended to Fig. 84.

In the second group B three of the breakages were caused by oil

cups or bolts falling between the slide-blocks and the ends of the

guides ; and one by the end of the cross-head arm coming in contact

with the rod of a disused pump which had been couj)led to it.

Three of the breakages in group C started from cotter holes, as

shown in Fig. 88, Plate 132, and appear to have been caused by the

drifting action of the coned ends of the rods, for the stresses due to

the bending moments did not exceed 3,000 lbs. per square inch.

Another was caused by the breakage of a bolt, which had secured a

cap like that at the big end of a marine-pattern connecting-rod. The

remainder were fractures in the bodies of cross-heads, due most

likely to flaws in the forgings.

Pistons.—Of the twenty-two breakdowns originating with pistons,

ten were due to junk-ring or cover bolts getting loose or breaking
;

three to rings getting thin from wear and breaking ; two decidedly

to water in the cylinder ; and seven to causes not ascertained.

Breakages of bolts and rings can be prevented to a great extent by

periodical examination. They have been far less frequent since

mineral oil came into general use as a lubricator ; but they still
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TABLE 16.

Fifteen Piston-rod Cross-heads broJcen hij loeakness or wear and tear.

See
Plates
130 to

132.

Maximum
Stress

per
sq. inch.

Millions

of

Eevo-

lutions.

Eemarks.

Fig.

73

Lbs.

/5,400\
\6,400/

Millions.

117

During this period, stress increased from
5,400 lbs. to 6,400 lbs. per sq. inch. Cross-

head possibly may have made 234 million
double-strokes ; but if so, the load upon it

is unkaowu.

74 /6,700
\8,500

148

52J

After engine had made 148 million revs, the
pressure was raised.

75 / 5,850\
\33,000j 88J

^Increase of stress was partly due to increase of

1 load, and partly to vertical* diameter of

j
journal being reduced by wear from 2 inches

\ to l^*g inch. * It was a beam engine.

76 / 8,800\
\11,800/

73
/Increase of stress due to gradual increase of

\ load.

77 / 8,900\
\u,ioo/ 288 Load was very variable.

78 6,960 64|

, Engine had made 281 million revs, altogether,

I
but load during first 21Qh millions is

unknown. Inertia of piston and piston-rod

\ is taken into account in calculating load.

79 /12,500\
\16,750j

76|
/Increase of stress due to gradual increase of

t load ; capital example of fatigue.

80

81

/14,300
\19,100

5,400

96\
70/

193J

(Engine had made altogether 166 million revs.,

1
but during first 96 millions the stresses

( were less.

82 17,160 49
( Mean piston-speed was 730 feet per minute.

< Stress unmodified by inertia would have
( been 31,100 lbs. per square inch.

83

84

7,960

4,700

24
(Mean piston - speed 803 feet per minute.

< Stress unmodified by inertia would have

[ been 12,300 lbs. per square inch.

85 / 5,000\
\10,000/

155

Breakage of arm which drove air-pump.
Lower stress corresponds to pressure of

j
10 lbs. per square inch upon air-pump

\ bucket ; higher to pressux-e of 20 lbs.

86 /5,100\
16,200/

Gradually increasing stress. Engine made in

1835, but load in early life unlmown.

87 10,400
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occur occasionally. The only other precaution the author can

suggest is to cover the bolt heads by a thin flat ring fastened to

the junk-ring by set-screws, but it is questionable whether the

remedy is not as bad as the disease ; on this j)oint he would be glad

to hear other suggestions.

McNaugJit and Main Linlcs.—Of these twenty-one were McNaught

links, and the remaining one was a main link. Most of them gave

way at the bottom bend, most likely at the weld ; for formerly links

were generally welded, instead of being cut out of a solid slab, as is

now the usual practice. Another fruitful cause of breakage was the

twisting of round-backed brasses. The pillars in links should

always be made with flat ends, and the brasses which they support

with flat backs. Also many McXaught links, like McNaught

cross-heads and beam centres, used to be made far too weak, probably

in accordance with a rule of the same kind as the following, which

when the writer first went to Manchester was communicated to him as

representing the best engineering practice : namely that the piston-

rod should be one-tenth the diameter of the cylinder, and the cross-

head arms the same diameter as the piston-rod. This rule may have

given sufficient strength with low pressures ; but it was altogether

inapplicable to McNaught cylinders and high boiler-pressures.

Fly-wheels.—Of the nineteen breakages of fly-wheels, ten were

breakages of arms from internal stress, bad fitting, or causes not

ascertained; one was the fracture of a wrought-iron hoop shrunk

upon a boss, which arose either from an imperfect weld or from

excessive shrinkage ; and eight were cracks in fly-wheel bosses.

Three of these cracks occurred in old single-faced bosses, to which

the arms were secured by bolts ; the cracks extended circumferentially

from bolt-hole to bolt-hole, and were due to fatigue of the metal. The

remaining five cracks were caused by driving the keys by which the

wheels were held ; in four of these cases the fi-actures started from

the corners of rectangular key-ways, and in the fifth between the

key-ways. In this last instance the wheel was 14 ft. 9 ins. diameter,

with a bored boss secured to the shaft by two sunk keys ; the wheel
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got loose, as large wlieels held in this way generally do; and in

trying to fasten it again the boss was split. The writer's experience

is that large wheels cannot be held in this way, but should be hung

on four or more broad keys with plenty of substance in them, bedded

upon flats on the shaft, and if possible driven two and two from

opposite sides of the wheel. The corners of the key beds in the

boss should be rounded. If, in spite of large bearing surfaces and

careful fitting, wheels persist in getting loose—as sometimes happens

when they carry a spur rim with double helical teeth, or when the

load is liable to sudden changes as in rolling mills—the best

plan is to fill the places between the keys with hard wood and steel

wedges. A wheel so secured will not be got off without " winged

words."

Air-Pumjps and Condensers.—Of these there are thirteen instances

of breakdowns, divisible as under :

—

TABLE 17.

—

Air-Pumps and Condensers.

Cause or nature of Brealcage, and Number of cases.

A Fractures of flat surfaces of horizontal air-pumps .... 4

B Fracture of water head of surface condenser ..... 1

C Fracture of flat-sided valve-chest of circulating pump from shock . . 1

D Corrosion ........... 3

E Failures of holding-down bolts ........ 2

F Nozzle torn ofi" condenser by exhaust pipe, owing to cylinder being

lifted by water on tojD of piston ....... 1

G Air-pump barrel fractured without apparent cause .... 1

Total breakdowns of Air-Pumps and Condensers . .18

The large flat surfaces which so often disfigure horizontal air-

pumps should be abolished, specially when the speed of the plunger

is high, or when the overflow pipe from the hot-well is long and

discharges above the level of the pump. Often the plungers of

horizontal air-pumps, and sometimes those of circulating pumps, move

faster than the water can follow them ; and then there is shock, which

tells upon the weak flat sm-faces. Sometimes overflow pipes get

filled up, and the pressure required to force the water through them

becomes excessive. To prevent this the hot-well should be provided
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with a safety-valve in tlie shape of a vertical pipe having an open

top. With regard to ordinary vertical single-acting air-pumps and

condensers, all that can he suggested is to set them in dry, accessihle,

and well lighted places.

CranJis.—Of the twelve cranks which broke, eleven were of cast-

iron and one of wrought-iron. This last broke across the arm, just

below the eye for the crank-pin ; it had evidently been cracked for

some time. The stress due to the pressure on the piston, without

correction for inertia, was 6,130 lbs. per square inch, and the

number of revolutions made was 66^ millions. Of the cast-iron

cranks, one was certainly broken by water in the cylinder. The others

when broken proved to have been partly cracked for some time ; four

of them failed by fractures starting from sharp corners of key-ways

or cotter holes ; and six without any apparent cause, four in the boss

and two in the arm. Doubtless these and other like breakages were

due in part to stresses set up in cooling, and to shrinkage ; but

whether they were so or not, it is quite clear that the substitution of

wi"Ought-ii"on for cast-iron cranks would practically prevent one class

of breakdowns. If cast-iron cranks be used, square-cornered key-

ways should not be allowed.

Gudgeons in Beams.—Of the twelve broken gudgeons, five of

wrought-iron or steel were McNaught gudgeons ; three of wi'ought-

iron and one of cast-iron were main gudgeons ; one of wi-ought-iron

was a gudgeon at the piston-rod end of a beam ; and one also

of wrought-iron was an air-pump gudgeon. The twelfth was not

really a gudgeon, but was one of a pair of cast-iron saddles, with

bearings for McNaught links, bolted upon the beams in jilace of

McNaught gudgeons, for which latter the beams were not j)repared.

All the five McNaught gudgeons broke inside the beams at the end of

the bearing surface, as shown in Pig. 101, Plate 134, which represents

one of them. They were moreover weak, or held in weak bosses on

the beams. In the instance illustrated in Fig. 101 the boss was weak,

and it was with a view to strengthen it that the wrought-iron hoops hh

shown in the sketch had been shrunk on. The boss or gudgeon
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however sprung under tlie load, and the gudgeon could not be held

tight. Assuming the load to have been ec[ually distributed upon the

two bearings, the strain at the inner end of each would have been

7,900 lbs. per square inch ; while, if the leverage be measured from

the middle of the bearing to the fracture, the strain would be 16,000

lbs. per square inch. The life of the gudgeon corresponded with

136 million revolutions of the engine. It is not clear why McNaught

gudgeons should generally break in this particular place. Eeverting

to the suggestion previously made (page 549), that consideration should

be given to what might be expected to happen if the parts were made

of some very extensible material like india-rubber, it will be seen

from Fig. 102 that under stress the gudgeon if loose would bend,

and would bear alternately at a and c and at a and c. The sharp

edge of the bearing surface in the beam at c might then act as a file,

and start a skin crack in the gudgeon, which would gradually eat its

way through the latter. If so, the remedy is to make those parts of

the gudgeon which are gripped by the beam about ^ inch larger

in diameter than the rest.

Of the other six gudgeons, four of wrought-iron broke at abrupt

changes of section, and two without any apparent cause. The cast-

iron saddle broke from weakness, the stress upon it having gradually

risen to 11,000 lbs. per square inch ; the number of revolutions made

by the engine is believed to have been 29^ millions.

Crank-Fins.—Of the eleven crank-pins which broke, two were

of Whitworth fluid-compressed steel, one of Siemens steel, one of

Bessemer steel, and seven of wrought-iron. The resulting damage was

considerable. The life of both the Whitworth pins was short. One

of them broke at the junction of the neck or journal with the shank, as

shown in Fig. 89, Plate 133, after having made 13^ million revolutions.

The shank upon which the crank was shrunk was slightly tapered,

the smaller end being next the journal. At the junction there was

a small fillet of j inch radius. The maximum stress at the fracture

was about 12,000 lbs. per square inch. The surface of the fracture

was as usual convex on the journal, and concave in the crank. The

cause of the breakage was not ascertained. The second Whitworth
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pin, shown in Fig. 90, is more instructive. The journal or neck

was 7 inches, and the shank 7j\ inches diameter. The latter was

4 inch longer than the hole in the crank, and projected f inch from

the face of the crank. Upon the projecting part was shrunk a ring r,

% inch thick and 1 inch wide, to fill up the space between the face of

the crank and the connecting-rod brasses. The pin broke between

the ring and the face of the crank. The stress due to the steam

pressure, reduced by the inertia of the moving parts, was about

8,600 lbs. per square inch
;
yet the life of the pin was only 6 million

revolutions. In the writer's opinion the fracture was caused by the

skin of the shank having been sheared by the grip of the crank

contracting upon it ; the skin being once damaged, the extension of

the crack would be only a matter of time. The same action is seen

in gudgeons or centres shrunk into cross-heads. "Wherever a jjin or

centre is secured by shrinkage, it is advisable that the j^art within

the contracting metal should be of larger diameter than the part

outside, as shown in Fig. 100, Plate 133. This is particularly

important when the material is steel.

The remaining instances represented in Figs. 91 to 99, Plate 133,

also teach a lesson. In each the pin was formed with a collar between

the shank and the journal ; with the two exceptions shown in

Figs. 95 and 96, the shank was of the same or less diameter than the

journal ; and the pin was put in from the face of the crank, and

secured either by a nut, Fig. 91, or by a cotter, Fig. 95, or by

riveting at the back, Fig. 92. All these either broke inside the

crank or got loose, breaking the screw thread or the riveting. The

pins represented in Figs. 91 and 92 did not themselves actually

break; but their fastenings—the screw and nut in Fig. 01, and the

riveting at the back of the crank in Fig. 92—gave way, and allowed

the pins to get loose, thus necessitating their replacement. In both

instances the engines were stopped before the pins had come quite

out of the cranks. In the remaining seven instances. Figs. 93 to

99, the pins broke in two, and serious damage resulted. The

stresses under which the failures occurred, and the numbers of

revolutions made by the engines previous to the breakdowns, are

given in Table 18 ; the stresses are corrected ai^proximately
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for inertia, but do not include tlie shearing stresses, wliich liowever

are small.

TABLE 18.

Seven CranJc-Pins hrolcen inside eye of crank.

See
Plate
133.

Fig.

Stress per square inch.

At 1 At
inner end section

of journal, of fracture.

Millions
of

Eevo-
lutions.

Material of Crank-Pin.

Lbs. Lbs. Millions.

93 6,330 14,600 164 Bessemer steel.

94 6,370 11,200 200? Wrought-iron.

95 5,500 8,800 88 Wrought-iron.

96 8,190 16,400 Wrought-iron.

97 8,580 10,470 m Siemens steel.

98 9,650 17,300 87 Wrought-iron.

99 10,200 16,600 8 Wrought-iron.

Pins held in this way—with a collar between the shank and

the journal—are not secure ; they get slack, and wear away the

bearing surface next the face of the crank. Thus the point of

support is thrown back, and the leverage at which the pressure

acts is increased, till the strain becomes too great for the strength of

the material. That no less than nine out of eleven broken crank-pins

should have been so held is strong evidence against the method

:

especially when it is added that the number of crank-pins so held is

insignificant, at least among the classes of engines the writer has to

deal with. Crank-pins should be made as shown in Fig. 100,

Plate 133, and should be forced into the cranks by hydi'aulic

pressure, or the cranks should be shrunk uj)on them.

Beams.—There were only six instances of broken beams, all of

cast-iron. In four of them the beam broke in two between the

piston-rod end and the main centre, owing in one case certainly, and in

the others probably, to water in the cylinder. In the fifth case one of

the bosses for the McNaught gudgeons was broken off through

weakness. The loads on McNaught gudgeons are usually heavy in

3
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proportion to the general dimensions of beam engines, owing to tlie

short strokes of McNaught pistons and the consequent large diameters

of McNaught cylinders ; and the bosses on the beams are frequently

far too weak, as in Fig. 103, Plate 134. In such cases it is better to

cut them off entirely, and to fix the gudgeons as shown in Fig. 104.

The sixth breakage is interesting because it seems to have resulted

simply from fatigue or gradual deterioration of the beam, which like

the five preceding was of cast-iron. The engine was made in 1847

as one of a pair of condensing engines ; and as far as could be

ascertained it worked in this way till 1872, when the cylinder was

replaced by a smaller one with Corliss valves; and with an increased

boiler-pressure this single engine was set to drive the whole of the

load previously driven by the pair. It worked in this way tiU 1880,

when the other engine was again coupled up, and the pair worked

compound. In 1892 some slight fine cracks were noticed near the

middle of the beam, in the flange and also in the web. About three

months later the cracks in the web had become well developed, the

top flange was found to be cracked entirely across and the bottom

flange about half way through ; in fact the beam was on the point of

giving way. So far as is known there had been no abnormal stress

or shock to cause the cracks. The strain previous to 1872 is not

known ;
probably it was between If and 2 tons per square inch ; up

to this date the engine made about 130 million revolutions. From

1872 to 1880 the strain was increased to about 2^ tons per square

inch- during this period the engine ran 41 million revolutions.

Since 1880 the strain has been about 2 tons per square inch, and the

engine has made 62^ million revolutions. In calculating the strains

the inertia of the parts has been neglected, and the beam treated as a

girder of I section, neglecting the boss for the main centre and the

rib and mouldings which run along the web. On the other hand the

weif'hts of the piston and the connecting-rod hanging on the ends

have not been considered. It is therefore probable that the foregoing

fio-ures are not materially different from the facts. If so, the strains

were not excessive as compared with general practice. According to

calculation cast-iron beams are generally strained to between 4,000

and 5,000 lbs. per square inch, and many are strained to about
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7,000 lbs.; but tbe latter tbe writer considers is too mucli. This

instance then seems to be purely one of fatigue of material.

Slide-hars.—Of the five breakages it is only necessary to say that

four were top slide-bars and one a bottom bar ; and that, except in

one case where the cause was not ascertained, the breakage was the

result of heating, or at all events occurred simultaneously with

heating.

Hopes.—Only three cases of damage from belts or ropes are

recorded. The breakage of a rope sometimes causes considerable

damage by pulling down shafting and fixings ; and it is highly

desirable that precautions should be taken to prevent such accidents.

The simplest apparatus is a lathe wire or shield, stretched across the

breast of the rope drum just clear of the ropes : so that any broken

strand unwrapping may catch it, and by a suitable arrangement, such

as liberating a trigger and freeing a weight, may close the runaway

valve and stop the engine. It is well also to have a bell hung upon

the apparatus, to warn the engineman of approaching danger.

Discussion.

Mr. LoNGEiDGE exhibited in illustration of the paper a collection

of specimens of the smaller parts which had failed and caused

breakdowns of stationary engines, including bolts, nuts, cotters, and

other fastenings, rods, gearing, crank-pins, &c.

Capt. H. EiALL Sankey congratulated the author on his paper,

and considered he had the advantage of occupying a unique position,

in that a great number of breakdowns came under his notice, and

unlike an engine builder he could not feel any reluctance in making

them known publicly. The paper, upon which great labour must

have been bestowed, bristled with points for discussion. The first

3 c2
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(Capt. H. Eiall Sankey.)

he should like to refer to was one Avhich reciu-recl many times in

the paper, namely the fatigue of metals and the effects of varying

stresses. In the early days of the Willans engine certain crank-shaft

fractures had occurred without apparent reason, inasmuch as these

shafts had been proportioned according to the best practice, and even

an ample margin of extra strength had been allowed ; moreover there

was no visible initial flaw in the metal. Evidently there had been

some unknown or unexpected action at work. It had devolved upon

himseK to investigate the matter; and his investigations had been

based upon Wohler's experiments, or rather upon the deductions which

had been drawn from those experiments by Professor Unwin in his

" Elements of Machine Design." These investigations showed that

there were two points at which such a crank-shaft was more

severely stressed than at any others ; and at those two points not

only was the range of stress greater than at any other point in the

crank-shaft, but it exceeded what would be supposed to be safe, or

at any rate it left too small a margin of safety, according to the

experiments of Wohler. The obvious remedy was to strengthen

the shaft sufficiently at those two points. The experience that had

now been gained for a number of years had borne out the theory

completely ; for whereas the earlier shafts, with only two exceptions,

had all broken at either one or other of the two weak points

indicated by theory, only three of the strengthened shafts had

broken up to the present time, and not one of these breaks had

occurred at either of the two weak points, but they had all been

due undoubtedly to flaws in the steel, which had not been detected

during manufacture or examination. In Fig. 105, Plate 135, was

shown a curve of coefficients for safe stress, plotted from Wohler's

experiments, which had been in use in Messrs. Willans and Eobinson's

drawing office for some time ; it had been found useful there, and

he hoped it would be found useful in the same way to others. The

vertical ordinates gave the ratio of the minimum stress to the

maximum stress. If the two stresses were of the same sign, that

is, either both tension or both compression, the ratio was positive,

and was found above the horizontal datum or zero line : if one of

the extreme stresses was compression and the other tension, then
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the ratio was negative, and was found below the zero line. The

corresponding horizontal abscissa of the curve was the coefficient

wherewith to multiply whatever was considered to be the safe

amount for a continuous steady stress on the metal. Suppose, for

instance, it was found that the minimum stress at any particular

point in a piece of mechanism was 1,200 lbs. per square inch, and

that the maximum stress was 6,000 lbs., both being tension or both

compression: then their ratio was 1,200-1-6,000 = 0*2, and from

the curve it would be seen that the ratio 4-0-2 corresponded with

the coefficient 0"7. If then the material used was considered to

be able to bear safely a steady load of 10,000 lbs. per square inch,

this safe limit multiplied by 0-7 gave 7,000 lbs. per square inch

as the safe limit at the point under consideration in the mechanism.

It might therefore be said that at this point the piece of mechanism

was unnecessarily strong. If however the maximum stress was of

a different sign from the minimum stress, one being tension and the

other compression, then their ratio was, for instance, — 1,200 -^

6,000 = — 0*2, and from the curve it would be seen that the

corresponding coefficient was 0"53: so that the safe stress would

now be 10,000 x 0-53 = 5,300 lbs. only. As the maximum stress

was 6,000 lbs., the curve in this instance would give warning to

make that part of the mechanism stronger, until the safe stress

allowed by Wohler's experiments was equal to the maximum

anticipated, or greater. In page 559 of the paper was given an

example in. which the stresses varied from ± 2,500 to + 8,200 lbs.

per square inch ; and as the signs were reversed, the ratio became

— 2,500 -^ 8,200 = —0*3, for which from the curve the corresponding

coefficient was seen to be 0'5. If here again 10,000 lbs. were

assumed to be the safe stress for a steady load, the safe limit for the

varying stress would be only 5,000 lbs. as against the actual

8,200 lbs. This calculation therefore gave some clue as to why that

particular piece of mechanism had broken.

The instance given in pages 551-2 of a complete breakdown,

which had started from a small cause, might be capped by one which

had occurred to a Willans engine at Bradford, where a relief valve

of a vertical trii^le engine, in which the three cylinders were arranged
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tandem fashion, broke in tlie liigli-pressui'e cylinder, and getting

into the cylinder gradually broke parts of the trunk valve-motion

into pieces ; these in turn came down into the intermediate cylinder,

breaking the jiiston, and the next trunk; and the fragmentary

contents of the two cylinders went down into the low-pressure

receiver. The operation took about a month, the engine making a

great noise all the time ; and he was told that it was " heaving

"

at its foundation. At last a piece of metal got inside the low-

pressure cylinder, and instead of this piston being broken the

cylinders were wrenched off.

The suggestion in page 549 he thought was excellent, to consider

the materials as though they were india-rubber. He had himself

sometimes considered his finger, as though it formed the piece of

mechanism in question : which had the advantage that, if the finger

were worked vigorously enough, its owner could almost enter into the

feelings of the piece of mechanism.

Mr. Alfred SAXo^•, having been brought up in a shop mainly

occupied with the repair of breakdowns, had been largely concerned

with that class of work, and could confirm from his own experience of

similar instances many of those furnished in the paper. It was due

to engineers like the author that today, when a breakdown occurred,

proper calculations were made for determining whether the part

which failed had broken through faulty construction, or defective

material, or whether it had really been strong enough to resist the

stresses to which it hp-d been subjected in work. Previously the

ordinary method had been a sort of rule of thimib only. Now that so

many engines were insured, few breakdowns occurred in which the

insurance societies had not some advice to give to their insurers.

Consequently the makers of engines had rather less scope than

formerly in the execution of breakdown work. The effect however

had been that breakdowns were now more scientifically and more

thoroughly investigated than had formerly been the case ; and also

that the parts which had been found to give way most frequently

had been strengthened, and were still being further strengthened,

in Lancashire mill encrines.
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In connection with the breakdown of valves and valve-gear, a

tiglily important point was lubrication, which in his opinion had

had more influence on such breakdowns than anything else ; it had

sometimes been stopped altogether, or the engine had perhaps not

been fitted with proper lubricating appliances. In most Lancashire

mill engines there was now continuous lubrication of all valve-chests,

crank-shaft necks, and other working parts : in fact wherever

automatic and constant lubrication could be applied it was provided,

at any rate in the best engines.

When rope driving had to be placed in sequence to spur gearing

(page 542), he thought that as an alternative, instead of diminishing

the size of the rope pulleys, and consequently reducing the speed

of the ropes and increasing their nimiber, the best plan was to use

steel gearing, as recommended in page 544, and to keep up the rope

speed as nearly as possible to 4,750 feet per minute, which seemed

to be the speed generally agreed upon as the best for working the

ropes up to their highest efficiency.

In Fig. 2, Plate 122, was shown a design of a fly-wheel, which,

along with the author (page 544), he could certainly recommend. It

had several advantages, one of which was that it enabled engines to

be used of a less bulky character and to be run at a greater number of

revolutions per minute without exceeding a safe speed for the

toothed rim. Consequently with fly-wheels of that design less

costly engines could be put in, but as powerful as the engines that

were put in with fly-wheels constructed as shown in Fig. 1 ; his own

firm had for many years been making fly-wheels somewhat similar

to the design shown in Fig. 2, which had given great satisfaction.

As to the number of teeth in the pinion, it might be remarked

that the expression " fine pitch " in page 544 could have after all

only a relative significance, as would readily be gathered from the

examples of spur gearing in Table 4. Here the first example had

4^ inches pitch and was transmitting 700 horse-power, while the

last example was a pinion with the same pitch transmitting 1,360,

or almost twice the horse-power of the first. The same pitch of

4^ inches he thought would be called coarse for the 700 horse-

power, and fine for the 1,360. Other examples given in the table
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went as Mgli as 5| inclies pitcli for transmitting only 1,150 horse-

power.

The President gathered from the author's remark about fine

2)itch that it was better to have a large pinion than a small one,

wherever practicable.

Mr. Saxon agreed that the question of pitch and number of

cogs could hardly be dealt with in detail without going into it at too

great length ; it was impossible to lay down any hard and fast rules.

As to the best rim speed he should much like to have the benefit

of the author's opinion.

The use of trunk motions for driving air-pump buckets (page 549)

he quite agreed ought to be discarded. If the lift of the air-pump

was not great, there would be j)ractically no difference in the

vacuum between a solid bucket and a bucket with rings (page 551) ;

but if the lift of the pump was increased to a considerable height,

as frequently occurred, then a bucket with rings undoubtedly

l^roduced a better vacuum than a plain bucket without packing.

All Lancashire engineers he was sure would feel indebted to the

author for the trouble he had taken for many years in pointing out

the necessity of attending to the minuter details of stationary

engines, and of increasing the strength of what had proved to be the

weak parts, as shown by the statistical record compiled in the

present paper.

Mr. M. HoLEOYD Smith noticed that in pages 568-9 the subject

of keys and key-ways had been enlarged upon. There were two

ways in which profit could be derived from a paper of this kind

:

by realizing the causes of breakdowns, and by trying to suggest

some method of preventing their future recurrence. Like all other

engineers, he had experienced great difficulty and trouble with

wheels bursting and with key-ways failing ; and he had been led to

devise the method of keying shown in Fig. 107, Plate 135, which he

had found very useful. The usual method of keying might l^e

illustrated by Fig. 106, where a rectangular key was let equally
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into tlie shaft S and into the hub H of the wheel. Supposing the

wheel was driving the shaft in the direction of the arrow, the only

useful part of the key was the oblique shaded portion, and the two

unshaded corner portions were absolutely useless. All knew to

their cost how frec[uently it occurred that keys were too hardly

driven in, as noticed in page 569 ; if the key was driven in too tight,

there was a tendency to burst the boss by too much sledge-hammer

work on the key. Unless in the working of the wheel and shaft so

keyed the reaction between them produced both an outward radial

pressure to hold the key in the wheel key-way, and also an inward

radial pressure to hold it in the shaft key-way, the key would soon

begin to rock ; and then the consequence was that, towards

whichever side it rocked itself tight, it thereby tended to burst the

key-ways, or rather the key-way in the boss, which was the only one

that could be burst of the two. As a rule it would be found that

the bosses so keyed, if not burst by driving the key in, were burst

afterwards by the key getting slack and rocking over. The method

of keying shown in Fig. 107, it would be observed, was arrived at by

simply utilizing the useful shaded portion of the key in Fig. 106,

and rejecting the useless unshaded corners, so that the whole of the

key-way and key at K was now doing useful work in Fig. 107.

"With a wheel running in the direction shown at K, it was not

necessary with this key that there should be any amount of radial

pressure either outwards or inwards ; the whole of the reaction in

working was holding the key tight both in the wheel and in the

shaft. In fact if the key was originally fitted steady and secure, it

would be found just as efficient for running in the contrary direction

as an ordinary key was. But when the wheel had to run first one

way and then the other, his practice was to repeat the key reversed

on the opposite side of the shaft at L for running in the reverse

direction. By the same method of keying he had also found that the

wheel was enabled to slide laterally along the shaft : the key acted

admirably as a loose feather. In page 545 attention had been drawn

to the necessity of having helical wheels so adjusted that they could

move from side to side, so as to keep the pressure equal upon each

half of the double teeth. A helical pinion fixed on a key such as
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now described would be able to work laterally in the manner

desired.

Mr. WiLiiiAM ScHONHEYDEE tbougbt the illustrations furnished in

the diagrams were many of them a pitiful exhibition of want of

knowledge in designing the work. For holding large wheels on

theii- shafts the author had recommended broad keys bedded upon

flats on the shaft (page 569) ; but with such an arrangement the

radial distance from the centre of the shaft to the middle of the flat

was only a little less than the radial distance to the corners of the

flat ; whence it followed that the whole driving power of the wheel

depended largely upon the friction between the key and the shaft,

and therefore the keys had to be driven in with great force, and a

number of them had to be employed, while the boss of the wheel had

to be made of excessive strength to resist being burst off in driving

them. The proper way of constructing a key he thought was as

shown in Fig. 108, Plate 135, especially where the stress was in both

directions, first one way and then the other. Here it would be seen

that the key was left slack at top and bottom, and was made with

sloping sides where it fitted into the key-way in the shaft ; it was

possible then to fit it perfectly tight in the shaft. With a

rectangular key sunk in a rectangular groove, it was impossible to

make it fit sideways as tight as it should do in order to take up the

stress ; and therefore the effect of the ordinary key sunk in a shaft

was really to produce friction at the top and bottom of the key

and not to fit sideways. The sides of the key were then practically

useless. Instead of the form shown in Fig. 108, it was possible

that a still simpler form would do nearly as well, namely a key of

slightly rhomboidal section, nearly but not quite rectangular;

imagining it divided across by its shortest diagonal line, one half

should be sunk in the shaft and the other in the wheel. It would

then take the stress in either dii'ection of running, but would not be

quite so good as the plan shown in Fig. 108.

Professor T. Hudson Beare was particularly grateful for the

information given in the paper with regard to the effect of repeated
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stresses on the life of different parts of engines. Eeeently lie happened

to have been lecturing upon this very subject to his students ; and

the extensive series of examples given by the author, of the effect of

stresses repeated for rather a high number of times, would be most

valuable to him, as they would be also, he should imagine, to every

engineer engaged in designing work. A simple rule to remember,

which he thought would have prevented some of the errors made in

the design of the particular engines whose breakdowns were here

illustrated, was that the effect of a stress was not to be measured by

the mere magnitude of the tension or compression, but by the range

of the stress, that is, by the difference between its maximum and

minimum values. Naturally when dealing with stresses which were

at one time comj)ressive and at another tensile, the two amounts

should be added together : for instance, in one of the examples given

in page 559, where the calculated stress was 10,180 lbs. per square

inch, in tension and in comj)ression alternately, he thought that if

these two amounts had been added together, and it had been realized

that the shaft in question would be working at an equivalent of

20,360 lbs. per square inch, some hesitation would have been felt

before putting in so light a shaft as that actually emjployed. It was

easy to arrange a convenient rule, taking account of the range of

stress as well as of the maximum stress, somewhat on the same plan

as that described by Capt. Sankey (page 576) for determining the

safe working stress. His own j)lan was to adopt a uniform safe

working stress, and to take as the load the maximum load plus the

product of the range of stress multiplied by a constant coefficient.

The result came to much the same as Capt. Sankey's j)lan of finding

a variable safe working stress by the use of a variable coefficient.

If it had been remembered that the range of stress was one of the

vital points, he thought so many errors would not have been made

as were at present met with.

The example cited in page 574 of the fracture of a cast-iron beam

seemed to him hardly to prove that fatigue had caused it. The

beam he understood had shown first a tiny crack, and then that crack

had gradually developed.
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Mr. LoNGEiDGE pointed out that it was not a single crack only,

wliicli had first attracted notice ; there were a number of slight fine

cracks all about the face of the beam, radiating out from the

centre.

Professor Beaee added that, after those cracks had once been

started, there would be a gradually increasing stress upon the

diminishing section of the beam. As to what might have caused the

first cracks, he could not venture to oifer any explanation ; but

where a crack had started he thought it was rather frequently

attributed in error to fatigue. The original cause of a crack h.e

believed was generally obscure, and to ascribe it to fatigue seemed to

him to be only evading the difficulty ; after the crack had once

started, the stresses increased gradually in the material, and

naturally the crack would go on spreading itself more and more

rapidly under stresses repeated so many million times. The

experiments carried out by Wohler and afterwards continued by

Bauschinger showed conclusively that the main danger of repeated

stresses was when the range of stress was considerable, and

particularly when stresses of tension and compression alternated

with great rapidity. As to ensuring safety by keeping stresses

well within the limit of elasticity, this depended altogether upon

what was the limit of elasticity of the material. A piece of steel

might appear to have a limit of elasticity of perhaps 30,000 lbs.

per square inch when tested in tension only ; but if then it was

tested at once in compression, it would no longer have so high

a limit of elasticity when again subjected to tension. There was

need therefore to recognise that the limit of elasticity as at present

understood was a variable quantity. There might indeed be some

natural limit of elasticity, about which not much was yet known ; and

if the load could be kept below that natural limit of elasticity, its

repetition for an unlimited number of times he thought would not

have the slightest effect on the material. The rule which the author

had found in Manchester when he went there (page 568) was only

another brilliant example of those so-called engineers' rules, which

when they were first used by engineers thirty or forty years ago
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had perliaps been good rules of practice for the j)ressures ;tlien

dealt with ; they had however been perpetuated, often unfortunately

without the necessary explanation of how they had been arrived at,

until, under the conditions which should now regulate engine

building, they had entirely ceased to be of the slightest value.

Such rules he thought should be carefully avoided.

Mr. Heney M. Eounthwaite said the exceedingly interesting

examples given in the paper of the failures of details, and the

highly valuable hints offered as to how to avoid accidents of the

kind, led him to wish greatly that the author had dealt with the

wider question of the general design of the engines used. It had

only occasionally been his own good fortune, as a marine engineer, to

have opportunities of seeing beam engines or horizontal engines at

work ; and he thought it would be of great interest to marine

engineers if the author would give them the benefit of his opinion on

the general design of these engines. Why for instance did mill

engineers, if they had discarded beam engines, still adhere to

horizontal engines often 30 or 40 feet long, bedded upon brickwork,

which was always liable to settle and so give rise to fractured

bedplates, cylinders that were out of line, shafts that did not run

true, and other troubles? Whereas, by adopting the inverted

marine type of engine, with a bedplate of small area and three or

four feet deep if necessary, they would get rid of all these evils,

besides being able to run at a much greater number of revolutions

per minute, and thereby, in some cases at least, avoid the use of

gearing altogether. The engines would then be both smaller and

cheaper, and also, he felt certain, less costly to maintain than the

present horizontal ones.

Mr. Basil H. Joy thought marine engineers would hardly be

surprised to find in Table 1 that valves and valve-gears headed the

list of breakdowns by about 72 per cent, above the next highest item.

In marine engines these parts had indeed been the subject of much

difficulty in late years. The only remarkable point about them

seemed to him to be that with the Corliss valve-gear the number of
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breakdowns in Table 2 was only seven out of tbe large total of 213,

probably owing to the slow speed at which such engines were run.

Presumably most of the engines dealt with in the paper were of an

early make, and perhaps the examples if given in full might not

have proved so valuable as they might appear to a superficial survey,

because the engines had been designed some time ago, and jirobably

the designs were not such as would be repeated nowadays. The way

in which valve-gears were now designed he thought was pretty

much by the simple rule of merely repeating Avhat had been done

before : there was a certain amount of calculation, but there was a

great want of knowledge as to the actual amount of power required

for driving valves.

In connection with the numerous breakdowns of air-pump

buckets and foot-valves in Table 6, it might be interesting to call

attention to the device of Mr. Frederick Edwards,* which did away

entirely both with foot-valves and with bucket-valves. By this plan

he had been informed that, while the air-pump and engine continued

running at full speed, the air-pump valves had been entirely

renewed without any perceptible difference being produced in the

vacuum shown. That might be a way of avoiding air-pump

difficulties in future, so that, although there might be a breakdown

of air-pump valves, it would not stop the engine. The suggestion

in page 551 that small brass valves in the bottom of the air-pump

barrel, if they got loose, were too small to do damage,, seemed hardly

to agree with the account given in the same page of the great extent

of damage which had followed a small breakage of a bolt.

"With regard to the remark about slide-bars (page 575), that out

of five breakages four were top slide-bars and one a bottom bar, it

would be interesting to know whether all the five engines were

running the same way round : that is, whether it was always the

ahead bar that gave way.

Mr. A. H. Barker was tempted, by the great interest attaching

to the valuable records now presented of breakdowns of stationary

* " Engineering," li August 1896, page 221.
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engines, to offer tlie suggestion tliat similar statistics miglit with

advantage be collected of all breakdowns in trial trips of marine

engines and machinery. Most of the breakdoAvns seemed there to

occur in the auxiliary machinery ; which he was inclined to attribute

to the weight and strength of the parts being kept down too low. If

such failures were recorded and criticised in a manner similar to those

dealt with in the present paper, their recurrence might be guarded

against, and improvement might be made where he thought it was

much needed.

Mr. Charles Day noticed in Table 2 that the Corliss valve-gears

represented but a small proportion of the valve-gears which had

broken down. The number of instances had been quoted (page 586)

as only seven out of the total of 213 ; it would be more correctly

stated, he considered, as thirteen : namely four for dashpot rods, six

for brackets, and three for other parts. Seeing that probably a

large number of the engines dealt with in the paper were Corliss

engines, he thought so low a proportion of breakdowns spoke most

favourably for the Corliss valve-gear, especially as the makers of

Corliss engines were so frequently told by probable purchasers of

engines that they did not want to get an engine which was fitted

with such an elaborate contrivance.

With reference to spur gearing, his own experience, though small

compared with the author's, had also been that it was too liable to

produce breakdown fi-om backlash. In some instances he had known

repeated breakdowns to occur in the same mill from this cause.

The suggested use of steel wheels (page 579) he rather thought

would be a sort of brutal remedy, simply putting in wheels which

could not well break, instead of removing the real cause of breakage.

In several mills he knew it had been done, with the result that the

people in the neighbourhood had had to remove in consequence of

the noise ; the improper stresses had not been remedied at all ; they

had simply been met by making a wheel which they could not break

easily. In some instances in which he had had to devise alterations,

he had tried to see how a plan of rope-driving could be substituted

for gearing. Generally speaking the difficulty he had met with had
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been that the speed of the wheels was too slow for rope-driving to be

substituted efficiently. In such cases he thought the true remedy-

was that which had been suggested in the paper, namely careful

consideration and accurate construction of the teeth. If combined

with the use of cast steel, all the better.

For air-pumps the author had suggested plain buckets without

any packing whatever (page 551). The firm with which he was

connected—Messrs. Cole, Marchent, and Morley, of Bradford—^had

repaired several breakdowns due to metallic packing rings wearing

thin and then overlapping ; and they preferred buckets with simple

water grooves. When water grooves were used he had found that,

where the water was slightly corrosive, the buckets had corroded

sometimes rather rapidly all round along the edges of the grooves.

Some of the buckets so corroded had been replaced by buckets with

no grooves, that is, absolutely plain ; and these had worked with

eq^ual efficiency.

The deep circumferential groove in the main shaft illustrated in

Figs. 55a and 55&, Plate 126, and described in page 559, was indeed

remarkably peculiar ; he could only imagine that it was due to the

use of bad oil. Probably at some time when the eccentrics had been

lubricated with bad oil, the small quantity that overflowed had

caused the corrosion round the shaft.

In connection with governors (page 563) the author had advised

some sort of efficient runaway-motion. Most makers of mill engines

he thought did put a runaway motion connected with the governor

;

but unfortunately it was so frequently found to be intentionally

thrown out of gear. In nearly all the engines he had been called to

examine he had found the runaway motion purposely blocked out of

gear, for the reason that, if it acted properly in shutting off steam

when the governor ceased to revolve through failure of the driving

gear, that is, when the governor balls fell to their lowest j)osition, it

must come into action every time the engine stopped: therefore

while the governor was in its lowest position, the engine could not

take steam. The result had been that the engine could not be

started without lifting the governor up and propping it up ; and

consequently it was not imcommon to find underneath the bottom
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collar of the governor a piece of wood or a ferrule, preventing it

from falling to its lowest position, even if the driving gear itself

should fail. The remedy obviously was that the knock-off or

runaway gear should be actuated by an independent governor, or

should otherwise be specially designed to overcome this difficulty.

With regard to the pistons, he should like to ask whether the

author had met with any instances in which the pistons had broken

through weakness. It had often seemed to himself that the usual

mode of cottering a piston upon its rod almost cut the piston in

two, and left it with so deep a groove, frequently right across,

that the steam pressure might break it across. Whether any such

breakages had ever occurred, he did not know ; but in making

designs he had always felt some reluctance to have recoiu-se to

cottering pistons. A recent practice of his firm was to make a deep

piston, secured upon its rod by a nut, and to add an external

junk-ring all over the back of the piston so as to cover the nut

absolutely. A nut gave much better support to the piston than a

cotter did. The objection to an external nut was the great clearance

surface, and also the fact that it was so liable to corrosion ; but this

method of arranging the nut seemed to have the advantage of the

better support afforded by a nut, without the usual disadvantages.

In using mild steel for cranks, he had sometimes noticed that on

putting it into a lathe it apj)eared too hard ; and in such cases he

had invariably rejected those cranks. He should like to ask

whether there was any reason to fear lest mild Siemens-Martin

steel, which in its ordinary state would seem to be highly suitable

for cranks, might take a temper when heated and shrunk on the

shaft, and might thereby be rendered unsuitable. In view of this

possibility his firm had felt some fear in using it, and had taken

special paius to ensure the material being of a soft quality and

unlikely to take the slightest temper.

Mr. LoNGEiDGE had for many years held that the fatigue of

material under repeated stresses alternately tensHe and compressive

was a highly important point ; but he had found it was one of the

most difficult to enforce upon mill-owners and manufacturing

3 D



590 STEAM-EKGIN'E BREAKDOWNS. Nov. 1896.

(Mr. Longridge.)

engineers. There seemed to be an impression among mill-owners

that, if a piece of steel would stand 20 tons per square inch in a

testing machine, it must be impossible to break it in an engine with

any less load. The more this subject was ventilated, the better would

it certainly be for engine-builders and mill-owners ; and he was glad

that so much stress had been now laid upon it by the remarks of

Capt. Sankey (page 576) and of Professor Beare (page 583).

About the beam mentioned in page 574, his view was, not that the

extension of the small cracks into the larger had been the result of

fatigue, but that the initial appearance of the small cracks

themselves was what had been caused by fatigue. There seemed to

be absolutely no other reason why they should have been started at

all ; and he therefore considered them to be due to fatigue. If the

stress was only small enough, he understood Professor Beare

(page 584) to be of opinion that it might be continued any number

of times, and produce no effect. The impression left upon his own

mind from what he had seen of breakdowns was that a stress of any

intensity whatever, however small, if r epeated often enough would

ultimately produce fracture.

For Mr. Holroyd Smith's and Mr. Schunheyder's illustrations of

keying (pages 580-2) he was much obliged. The object of the

paper was to elicit information of this kind ; and he certainly

thought these plans had a good deal to recommend them, esj)ecially

Mr. Holroyd Smith's.

He could not agree with Mr. Saxon's opinion (page 579) that it was

desirable, when ropes were used in sequence to gearing, to keep up

the rope speed and to make the geari ng of steel ; for if this were

done, the backlash would not be prevented, and although the steel

teeth might withstand the vibration, the other parts would suffer,

such as the arms and bolts of the wheel and the shafts, to say

nothing of the walls and foundations. The better plan was to

prevent the backlash as much as possible, by reducing the energy of

the ropes and rope drums.

In regard to pitch of teeth (page 579), he was ready to admit that

the expressions " fine '' and " coarse " pitch were misleading. What

he really meant by a finely pitched wheel was a wheel having a large
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number of teeth. For heavy main driving gear he thought a wheel

with less than fifty teeth might be described as coarse in pitch, a wheel

with more than fifty and less than sixty as medium, and one with

more than sixty as fine. As regarded the proper number of teeth

to be adopted, he agreed with Mr. Saxon that it was impossible to

lay down any hard and fast rule ; and in the suggestions he had

made he had no idea of doing so. All he desired to be understood

was that as a general principle wheels with few teeth were not

serviceable in heavy spur gearing. In this connection the

recommendation made in page 544: of the paper might be qualified, in

regard to the height of a tooth never exceeding half the pitch and

in some cases being even less ; this was not meant to be taken too

literally, because of course there was no absolute relation between

the height and the pitch of teeth. The proper height depended

upon the absolute and relative diameters of the wheels, the speed of

the pitch line, and the conditions of working. The recommendation

was meant only as a protest against continuing to make teeth of a

height equal to two-thirds or three-fourths of the pitch, as had been

the custom formerly when gearing had an easier time of it than

now.

As to what the speed of wheels should be (page 580), he could

only advise that it should be as low as possible. For ordinary

cast-iron wheels a circumferential speed of 2,000 feet per minute

was quite enough ; for cut steel wheels a higher speed might be

adopted. He knew of a pair of the latter wheels running

comfortably at 2,800 feet ; but such speeds were not to be adopted

by choice.

Manufacturers had replaced beam engines by long-stroke

horizontal engines (page 585) because they were under the

impression that a long stroke conduced to economy of steam, and

a low speed of revolution to economy in repairs and to longevity.

Of late years the speeds of mill shafting had gone up, and the

speeds of engines had necessarily followed ; hence shorter strokes

and vertical engines had come into use.

The suggestion was not correct (page 586) that the breakages of

Corliss valve-gear were few, because most of the engines from

3 D 2
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wliieli the examples in the paper had been dra^vn were of an early

make, without Corliss gear. The inference (page 587) that the

small number of breakages of Corliss gear pointed to the superiority

of this gear was more in accordance with the facts. Speaking

generally, the Corliss valves and the majority of the Corliss

valve-gears now in use were the most satisfactory valves and

valve-gears for large engines.

There was no need for an independent governor (page 589) for

actuating a knock-off motion ; nor was it necessary, if this motion

were properly designed, to prop uj) the governor. If anything had

to be propped it would be the runaway-valve, or some part of

the expansion gear. But there was not the least necessity for any

trouble of the kind, as the knock-off apparatus could easily be

arranged so that it would not come into action when the engine was

stopped by the driver.

The broken slide-bars (page 586) all belonged to engines which

ran " outwards," that is, engines in which the pressure was on the

bottom slide-bar.

He could not remember any instance of a piston having been

broken by weakness at the cotter slot (page 589). The pistons of

most factory engines were so strong that a good deal might be taken

out of them without much risk. This view would be shared by all

who had seen the pistons of the Willans engine.

Neither could he call to mind any instance of a steel crank

having been damaged through being expanded by heating (page 589) :

though he felt great doubt about the effect produced upon the shaft

when the hot crank was shrunk upon it. For this reason he

thought it better to force cranks on by pressure than to heat them.

The President drew attention to the remarkable specimens-

exhibited by the author, which he thought were well worth careful

examination by all present. They were greatly indebted to

I\Ir. Longridge for the vast amount of time and trouble he must

have devoted to the collection, classification, and criticism of the

large number of breakdowns comprised in the paper : the object of

which had not been to recommend any particular kind of design or
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any particular method of construction, but simply to illustrate the

working conditions and defects of mechanism in the large

manufacturing district with which his experience was so intimately

associated. The whole paper he considered was most instructive,

and should be highly useful to engineers generally. He was sure

they were all most grateful to the author for the conspicuous care

and ability with which he had dealt with this subject ; and he

invited them to Join in according a hearty vote of thanks to

Mr. Longridge for the great trouble he had taken on their behalf.

Mr. John G. Hudson wrote that an engineer in the author's

position has exceptional oj)portunities of learning the weak points of

steam engines, much greater even than has an engine builder, whose

repairing work is principally limited to engines of his own make.

Interesting and instructive as are ,the figures given in the paper, he

ventures to suggest that they would be made still more valuable by

the addition of a statement as to the period covered by the examples,

the average number of the engines insured during that period, and a

rough classification of their types and powers, with the proportion of

the accidents proper to each. The bulk of the mishaps he believes

would be found to have occurred to old-fashioned engines of small

power ; his own experience shows that breakdowns are so rare in

modem mill-engines of large size that they may be almost neglected.

The improvement in this respect is doubtless due to superior design

and more skilful attendance, as well as to the substitution of the

modern direct-acting self-contained rope-driving engine, for the

slow-speed gear-driving beam-engine, which trusted principally to

the buildings and foundations for its support ; and the improvement

has been realised, notwitb standing the fact that the speed of running

has been greatly increased. Of the few serious accidents occurring

to modern engines, a large proportion are probably accounted for by

water getting into the cylinder ; and such accidents usually cause

extensive damage. Broken crank-shafts used to be the cause of

many serious breakdowns ; but since the adoj)tion of Siemens-Martin

fiteel these have practically disappeared ; in fact, since the adoption
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of this material by Messrs. Hick, Hargreaves and Co. some ten to

twelve years ago, tliey have never known one of these crank-shafts

to fail, though such failures were formerly common enough with

crank-shafts of wrought-iron and Bessemer steel. Their Siemens-

Martin steel shafts have almost without exception been forged at the

Bolton Iron and Steel Works, and for many years they have made

a practice of boring each shaft from end to end, in order to ascertain

the soimdness of the interior. This boring has in many instances

resulted in the rejection of shafts as defective, which would have

passed as perfect if judged only by their exterior.

The conclusion to which the writer's experience leads him is that

the vast majority of breakages are due either to transverse strains

or to vibration, and rarely indeed to a fair direct tensile or

compressive stress. The moral is that overhang should be avoided

when practicable, or be reduced to a minimum and liberally provided

for when inevitable. Many old engines are shocking examples in

this respect, the crank-pin having a deep collar next the crank, and

the crank having a deep boss on the shaft, while the gap still

remaining between the crank-boss and the crank-neck is often utilised

for a pulley driving the governor.

Messrs. Woodhouse and Mitchell, of Brighouse, wrote that, of

the breakdowns originating \\ith pistons (page 566), it was stated

that nearly half wei e due to jimk-ring or cover bolts getting loose

or breaking. Though a small matter, this is one of practical

importance, in regard to which mechanical engineers have not

hitherto been at all satisfied. For ^jreventing such screws from

working loose, they suggest the xise of the compound locking washer

shown in Fig. 109, Plate 135, which consists of two washers, one

upon the other ; the lower w is of ordinary strength, and the upper t

is thin pliant metal. Both are made with indentations on the upper

side and corresponding projections on the under ; the projections

under the lower washer fit into corresponding indentations in the

junk-ring, and the projections under the upper washer fit into the

indentations in the lower ; the washers themselves are thereby

prevented from turning. "When the screw has been tightened up,
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the rim of the upper waslier is turned up, as shown clotted at r,

against one or more sides of the screw head, thereby locking it.

This makes a neat and safe job.

Mr. LoNGKiDGE wrote that the period within which the thousand

breakdowns dealt with in the paj)er had occurred (page 593) was

nearly eight years ; but without a tedious investigation it was not

possible to state the average numbers and powers of engines of

different kinds insured during this period.

The bulk of the mishaps did not occur to small engines.

Doubtless old engines broke down rather more often than new,

because they had not been so well designed, and were often much

more heavily burdened; but it would be quite contrary to the

experience of insurance companies to say that the breakdowns of

modern mill-engines were so rare that they might be almost

neglected. Nor was it their experience that a large proportion of

the breakdowns of modern mill-engines were due to water in the

cylinders. Such engines generally had Corliss valves, and well

pipes or separators to keep water out of the cylinders ; and they

ran much less risk in respect of damage from water than many of

their predecessors.

The substitution of Siemens-Martin steel for iron and Bessemer

steel had undoubtedly accounted for a large reduction in the number

of broken main-shafts ; but the great increase in the factor of safety

adopted of late years had also had an important influence.

Some satisfactory means of securing piston bolts was much

needed ; and he was glad to learn the method suggested by

Messrs. Woodhouse and Mitchell (page 594) for accomplishing this

object.
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Fea^'K Ashwell was born in Nottingham on 25tli May 1855.

After being educated at the High School he entered the works of

Messrs. Manlove, Alliott and Co., as a pupil in 1872. Having

passed through the various departments, he went in 1877 to the

works of Messrs. Caird and Co. of Greenock, where he remained two

years. In 1879 he commenced business on his own account in

Leicester, as a manufacturer particularly of warming and ventilating

appliances for use in public buildings, of which a large number were

so fitted up by him in various localities, including asylums, municipal

and county buildings, banks and schools. In 1891 he took into

partnership Mr. D. M. Nesbit, who had been manager since 1883

of the warming and ventilating department. A London branch of

the business was opened in 1891, and other branches afterwards in

Nottingham, Newcastle-on-Tyne, and Dublin. In sixteen years the

works in Leicester had groTSTi to the extent of employhag 250 hands.

His death took place at Leicester on 4th December 1896, at the age

of forty-one. He became a Member of this Institution in 1884.

EoBEET William Peeegkine Biech was born in London on 25th

September 1845. After being educated at King's College, London,

he became in 1864 a pupil of the late Mr. James Abernethy, under

whom he was employed upon important works, and was for some

time a member of the engineering staff constructing the Swansea

Docks. On leaving Mr. Abernethy he became resident engineer on

the Thetford and Watton Kailway under Mr. J. S. Valentine. In

1870-71 he designed and carried out the drainage of Walton-on-

Thames on the intermittent downward filtration system. This was

one of the earliest applications of this method of sewage disposal,

and was highly successful ; but as the area of ground acquired for

the purpose was surrounded by land suitable for broad irrigation,

the original plan was abandoned in favom' of the latter as less
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"troublesome and more profitable. Having started business in

Westminster as a consulting engineer, be became joint autbor

witb tbe late Mr. William Haywood of a scbeme for tbe

sewerage of tbe Lower Thames Valley. He was next connected

witb tbe enquii-y into tbe pollution of tbe Tbames by tbe sewage of

London. Together witb Mr. James Mansergb and Mr. Baldwin

Latbam be was employed by tbe City Corporation in 1882 to lay

before tbe Eoyal Commission on Metropolitan Sewage Discbarge

tbe case against tbe late Metropolitan Board of Works, witb tbe

result tbat tbe chemical treatment of tbe sewage was effected before

its discharge into tbe river. He frequently acted for the London

Water Companies in their dealings with the London County Council.

Though best known as a hydraulic and sanitary engineer, be was

also connected with railway work, being associated with Sir J.

Wolfe Barry, K.C.B., and Mr. Brunei as engineers to the Guildford,

Kingston and London Railway ; and in conjunction witb Professor

Henry Robinson be w-as engineer to the Wimbledon and Putney

Railway. Recently be bad made an important extension of tbe

pier at West Brighton. His death took place on 30th August 1896

in bis fifty-first year, from erysipelas of tbe face after a few days'

illness at Foyers, Scotland, while on a visit to tbe water-power

works he was carrying out for the British Aluminium Co. He

became a Member of this Institution in 1877 ; and was a Member of

Council of tbe Sanitary Institute and of tbe Royal Meteorological

Society, and also a Member of tbe Institution of Civil Engineers.

Frederick Heathcote Carter was born in Manchester on

27th February 1855. From 1873 to 1882 be was engaged witb

Messrs. Measures Brothers and Co., London, assisting in designing

and in superintending tbe construction and erection of roofs, girders,

and other structural ironwork. From 1882 to 1886 be was in

partnership with his brother in Manchester; and subsequently

carried on business for himself as contracting engineer for work

constructed and erected under his superintendence. His death took

place at Bowdon, Cheshire, on lOtb October 1896, in his forty-second

year. He became an Associate of this Institution in 1891.
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George Manners Dickson was born in 1844. In 1857 lie

entered Messrs. James Watt and Co.'s Soho Wcrks, Birmingliam,

and tliere served an apprenticesliip of seven years till midsummer

1864. During 1865 he was engaged in erecting and repairing

engines at Fleetwood, Preston, Leeds, and Birmingham ; and

during the next two years erected pumping machinery at Novo

Tcherkask, Eussia, for which he received a silver medal for ability

from the Emperor. In December 1867 he went to Calcutta, where

he erected large pumping engines and machinery, of which he had

charge until 1887, when he was promoted to the position of assistant

engineer to the Calcutta Water Works. His death took place at

Calcutta on 8th August 1895, at the age of fifty-one. He was elected

a Member of this Institution in 1888.

James Henry Greathead was born at Grahamstown, Cape Colony,

on 6th August 1844. In 1859 he came to England for the

completion of his education ; and in 1864 commenced a pupilage of

three years under the late Mr. Peter W. Barlow. On its expiration,

he was engaged for a year as an assistant engineer upon the

construction of the Midland Railway extension from Bedford to

London, under Mr. W. H. Barlow and Mr. C. B. Baker. In 1869 he

was entrusted with the construction of the Tower Subway under the

river Thames ; and for this work he adopted a cylindi'ical wrought-

iron shield, forced forwards by six powerful screws as the material

was excavated in front of it. The subway was completed in the

same year ; and in 1870 he began to practise on his own account as

consulting engineer. In 1873 and for the four following years he

acted as resident engineer on the Hammersmith Extension Railway

and the Richmond Extension of the Metropolitan District Railway.

Hs assisted in the preparations for several other projects, namely the

Regent's Canal Railway in 1880, the Dagenham Dock and the

Metroi)olitan Outer Circle Railway in 1881, a new line between

London and Eastbourne in 1883, and various Irish light railways in

1884. In the latter year he was engaged on the preparation of the

bill for the City and South London Railway. The work was

commenced in October 1886, and the line was opened in November
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1890 by the Prince of AVales. During the construction of this line

compressed-air was employed to prevent the inrush of water ; and

the success of this plan led to its adoption in other similar

enterprises in which he was engaged. He invented apparatus for

the application of water to excavate in front of the shield, and for

injecting cement-grout behind the lining of the tunnel. In 1888 he

became joint engineer with Sir Douglas Fox for the construction of

the Liverpool Overhead Eailway, which was visited by the members

of this Institution on the occasion of the Liverpool Meeting in 189L

He was engaged as joint engineer with Mr. W. E. Galbraith on the

Waterloo and City Railway ; and on the Central London Eailway

he was associated with Sir John Fowler and Sir Benjamin Baker,

He did not live to see the completion of these undertakings, his

death taking place at Streatham on 21st October 1896, at the age of

fifty -two. He became a Member of this Institution in 1879 ; and

was also a Member of Council of the Institution of Civil Engineers.

William Hindson was born at Cummersdale, near Carlisle, on

13th February 1846. In 1860 he commenced an apprenticeship in

the shops and drawing office of Sir W. G. Armstrong and Co.,

Elswick, and remained there till 1872, when he went to the works of

Messrs. John Abbot and Co., Gateshead. There he remained for

twenty-one years, during the last twelve of which he was works

manager. The work he was particularly interested in was the design

of hydraulic machinery ; and during that period a large number of

hydraulic contracts were carried out, notably for King's Lynn Docks,

Newcastle Grain Warehouse, Wellington (N.Z.) Harbour Board,

Melbourne Hydraulic Power, Sydney Hydraulic Power, and others.

He devised a stockless anchor for Messrs. Abbot, and a self-locking

railway chair known by his own name. In November 1893 he

commenced business on his own account, taking over the existing

portion of Messrs. Hawks, Crawshay and Co.'s Works at Gateshead.

He took an active interest in local affairs, and in 1893 was elected a

member of the Gateshead Town Council. His death took place after

a short illness at Whitley, Northumberland, on 7th July 1896, at

the age of fifty. He became a Member of this Institution in 1887.
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Ja3Ies Ibbs Lawson was born at Ulverston, Lancashire, on 7tli

February 1861. His early education was received at the Merchant

Taylors' School, Great Crosby, near Liverpool. In 1872 he went

with his parents to Xew Zealand, where his education was continued

at Christ's College, Christchurch. In 1876 he was articled to

Mr. Charles Xapier Bell; and on the expiration of the term in 1881

he entered the service of the government railway department,

subsequently becoming assistant engineer of the Southland district

in 1886, and resident engineer in 1888. In April 1889 he went in

the latter capacity to the Wellington district, retiu'ning to Southland

in December of the same year. In December 1891 he was transferred

to the Auckland district, and finally in May 1892 to the Napier-

Taranaki district, in which he had charge of J:07 miles of railway.

His death occurred on 2nd July 1896, at the age of thirty-five, from

the result of an accident. In company with Mr. Lowe, the

engineer-in-chief, he was inspecting the permanent line, which had

been damaged by floods, and when the train was approaching the

long Pohangina Bridge he leaned forward on the platform of the

carriage to see the track. Looking backwards he was killed by his

lead striking an iron girder of the bridge, and he was hurled into

the river below. His remains were recovered in January 1897, over

six months after the accident. He became a Graduate of this

Institution in 1881 ; and was also an Associate Member of the

Institution of Civil Engineers.

George Little was born in Leeds on 12th July 1823. After

serving his apprenticeship he went to Oldham, and obtained

employment with the firm of Messrs. Hibbert and Piatt, where

he rose to the successive positions of foreman, manager, dii-ector,

and managing director. During the period of fifty-two years he

introduced many labour-saving machines, more particularly those

connected with planing, shaping, boring, turning, and wood-

working ; also arrangements for plate and plaster moulding,

and for lifting and moving boxes in foundries. He was specially

associated with the worsted and combing departments, in relation

both to cotton, wool, and silk ; and took a leading part in designing
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and constructing worsted machinery for working wool on the French

system. As a supporter of technical education he took an active

interest in the Werneth Mechanics' Institute, of which he was one

of the earliest members, and at one time president. A few years ago

his health gave indications of failing, and he removed to Southport,

still continuing to take his share as a director in the management of

the business. His death took place at his residence in Southport on

24th July 1896, at the age of seventy-three. He became a Member

of this Institution in 1866.

Pkter McGregoe was born at Kippen, Stirling, on 19th March

1860. He served an aj^prenticeship with Messrs. John McAllum

and Co., Stirlingshire, from 1875 to 1880, spending two years in the

fitting shop, two years in the pattern shoj), and one year in the

drawing office. In 1880 he entered the employment of Messrs. J.

and G. Thomson, engineers and shipbuilders, Clydebank, Glasgow,

for two years as a pattern-maker and one year as a fitter. In 1883

he entered the service of the Clan Line of steamers sailing to India,

and served successively as fourth, third, and second engineer until

1887, when he received an appointment in the Imperial Chinese

Customs service as second engineer of the revenue steamer " Li

Kin." On 1st April 1896 he became acting first engineer of tho

Chinese revenue cruiser '• Kaipan." His death took j)lace in Hong-

Kong from cancer in the throat, on 1st October 1896, at the age of

thirty-six. He became a Member of this Institution in 1892.

William Charles Stiff was born at Leamington on 1st September

1836. He was at one time engaged at The Brades Steel Works

near Birmingham ; and commenced his engineering work in

1863, and since that time had been engaged in designing and

manufacturing machinery for making gun-barrels and cold-drawn

weldless steel-tubes. In this direction he began by exijerimenting

upon some original machinery for the manufacture of weldless

steel-tubes, which had been abandoned as useless; and by his

energy and ability the difficulties connected with the process

were ultimately surmounted, and cold-drawn weldless steel-tubes^
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now SO extensively used for cycles and for boilers of torpedo

boats and their destroyers, were successfully manufactured and

introduced. He established the Credenda Seamless Steel-Tube

Works at Smethwick, near Birmingham, of which he was the

managing director. His death took place at his residence in

Edgbaston, Birmingham, from syncope, on 6th June 1896, in his

sixtieth year. He became a Member of this Institution in 1888.
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335.—Jenkin, C. F., Governing and stratification of charge, 337.

—
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horizontal gas-engioes ; relative light obtained ; internal deposit in

engines, 338 ; mechanical efficiency ; duration of tests ; gas consumption

at Yorkshire College, 339 ; machinery running in parallel ; rope drives,
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four-cylinder high-speed engines ; calorific value of Glasgow and Belfast

gas, 344.

Belfast Fire Brigade, 431.

Belfast Gas Works, Paper by J. Stelfox, 390.—Historical review, 390.

—

Extensions, 391.—Coal supply, 302.—Elevated railway, and cranes, 393.
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Gaeratt, J. H., elected Associate Member, 279.

Garrett, E., elected Associate Member, 279.

Gas Engines for Belfast Electric Lighting, 308, 311, 315.

Gas Works, Belfast, 390. See Belfast Gas Worlds,

German, W. H., elected Member, 279.

Given, E. C, elected Associate Member, 279.

GoFFE, E., elected Associate Member, 279.

Goodman, J., Kemarks on Belfast Electiic Lighting, 331, 342 :—on Rope

Driving, 374.
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Gbaham, R., elected Member, 461.

Grant, W., elected Associate Member, 279.

Greathead, J. H., Memoir, 598.

Greexhill, J. H., Remarks on Belfast Electric Lighting, 334.

GrNNiNG and Campbells, Fine-yarn Spinning "Works, Belfiist, 446.

Hackling Flax, 283. See Flax Dressing Machinery.

Halpix, D., Remarks on Rope Driving, 378 :—on Value of Steam-Jacket, 489 :

—on Heat Transmission, 529.

Hamilton, Rev. Dr., Remarks at Institution Dinner, Belfast, 411.

Handyside, C. B., elected Member, 462.

Harbour Works, Belfast, 413, 420, 422.

Hablaxd and Wolff, Shipbuilding and Engineering Works, Queen's Island,.

Belfast, 447.

Hawes, D. M. a. G., elected Associate Member, 279.

Head, J., Remarks on Rope Driving, 362.

Heat Transmission, Paper on Transmission of Heat from Surface Condensation

through Metal Cylinders, by Lt.-Colonel English and B. Donkin, 501.

—

Description of experimental apparatus, 501.—Observations of condensing

steam, 502.—Twofold measurement of rate of heat transmission, 503.

—

Description of experiments and of metal cylinders, 504.—Summary of

results, 505.—Previous experiments by Nichol and Hagemann, 507, 522-5.

—Tabulated details of observations, 510-521.

Diseusiiion.— Davey, H., Condensation in condenser tubes, 526.

—

Walker, W. G., Transfer of heat through ribbed cylinders, 527.—Barker,.

A. H., Steam on both sides of metallic wall, 527.—Carter, E. T.,

Cloudiness in condensing steam, 528.—Halpin, D., Actual rate of heat

transmission, 529.—Longridge, M., Jacketing of cylinders by admitting

steam through jacket into cylinder, 530.—English, Lt.-Colonel, Rate of

condensation ; effect of film of water ; object of steam-jacket ; adiabatic

expansion and cloudiness, 531 ; rate of heat transmission, 532.—Donkin,

B., Continuous or not continuous transmission of heat, 532 ; tabulated

results of experiments, 534-5.

Henderson, J., Remarks at Institution Dinner, Belfast, 419.

HiGBT, R. G., elected Member, 402.

HiNDSON, W., Memoir, 599.

Hitchcock, C, elected Member, 462.

Horner, George, Clonard Foundry, Belfast, 452.

Horner, J., Paper on Flax Scutching and Flax Hackling Machinery, 283.

—

Remarks on ditto, 295, 300.

Hocse, H. a., elected Member, 462.

HxrDsoN, J. G., Remarks on Steam-Engine Breakdowns, 593.
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Humphrey, F. G., elected Graduate, 4G3.

HuTTON, W., elected Associate, 462.

Iden, G., elected Associate Member, 279.

Inglis A^1> Co., Macbiae Bakery, Belfast, 453.

Institution Dinner, Belfast, 403.—Richards, E. W., Lord Lieutenant and

prosperity to Ireland, 405 ; city and trade of Belfast, 406.—Pirrie, "W. J.,.

Lord Mayor, Eapid growth of Belfast, 406 ; leading industries, 407

;

tonnage of shipping launched, 409.
—

"Wicksteed, J. H., Queen's College,

410.—Hamilton, Eev. Dr., Mechanical engineering in Qiieen's College,.

411.— Mudd, T,, Belfast Harbour, 413.—Musgrave, J., Improvements-

effected by Harbour Commissioners, 414.—Aspinall, J. A. F., Irish

railways, extra width of Irish gauge, 415.—Andrews, T., Railway rates,.

415.—Barbour, J. D., Institution of Mechanical Engineers, 417.

—

Richards, E. W., Flourishing condition of Institution, 418.—Carbutt,

Sir E. H., Irish Press, 418.—Henderson, J., Manufacture of paper,

stereotyping, linotype machine, 419.—Macknight, T., Press of Ulster, 419.

Ibish Press, 418-20.

Irish Railways, 415-17.

IssiGOxis, G. D., elected Associate Member, 4G2.

Jenkin, C. F., Remarks on Belfast Electric Lighting, 337 :—on Value of Steam-

Jacket, 492.

Johnson, A., elected Associate Member, 462.

Johnson, S. W., Remarks on Value of Steam-jacket, 486, 488.

Johnston, J., elected Member, 279.

Joy, B. H., Remarks on Steam-Engine Breakdowns, 585.

Joy, D,, Remarks on Value of Steam-Jacket, 4S5.

Kennan, "W. T., elected Associate, 280.

Kebb, a. E. C, elected Associate Member, 279.

King, B. T., elected Associate, 462.

Knight, S. Y., elected Graduate, 463.

KwAXG, K. Y., elected Member, 279.

Lakne Alumina Factory, 380, 421. See Alumina Factory.

Lawson, J. I., Memoir, 600.

Lemkes, C. R. L., elected Associate, 462.

Linen Works in Belfast, 439, 446, 454, 457.

Little, G., Memoir, GOO.

LocoMOTrvE Engine, Steam-Jacketing, 466. See Value of Steam-Jacket.

Longridge, M., Remaiks on Eopo Driving, 368 :—on Value of Steam-Jacket,.
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486 :—on Heat Transmission, 530.

—

Taper on Breakdowns of Stationary

Steam-Engines, 536.—Eemarks ou ditto, 575, 584, 589, 595.

LovELL, S. G., elected Associate Member, 4G2.

jSIacColl, H., Faper on unusual Corrosion of Marine Machinery, 345.—Remarks

on ditto, 350, 354.

Mackxight, T., Remarks at Institution Dinner, Belfast, 419.

Makixe Coreosiox, Paper on unusual Corrosion of Marine Machinery, by H.

MacCoU, 345.— Steamer and cargo ; submergence, 345.— Cause of

corrosion, 346.—Extent of corrosion, and remedies, in machinery and

boilers, 347.—Steam trial ; conclusions, margin of strength, advantage of

paint, 349.

Discussion.—MacCoU, H., Exhibited specimens of corroded parts;

submergence of two other steamers, 350.—West, H. H., Corrosion in

boiler, 350 ; repairs, 351 ; cause of corrosion ; wrought-iron and steel

showed most corrosion, 352.—Davey, H., Sulphate of copper in water

from Cornish mines, 353. — MacColl, H., Margin of strength for

machinery, 354.

Makkwick, a. E., elected Member, 4G2.

Maeshall, J. F., elected Graduate, 280.

jVIaeshall, L., elected Associate, 462.

llAKTiy, G. B., elected Associate Member, 279.

McCaw, Stks'ensox, and Orr, Linenhall Printing Works, Belfast, 453.

McCowEN, V. A. H., Paper on Electric Lighting in Belfast, 304.—Remarks on

ditto, 338, 344.

McGeegor, p., Memoir, 001.

McLaren, H., Remarks on Belfast Electric Lighting, 333 :—ou Rope Driving,

373.

Meetings, 1896, Summer, 271.—Autumn, 461.

Memoirs of Members recently deceased, 596.

Mereifield, L. L., elected Member, 462.
,

MiTTOx, T. E., elected Associate Member, 462.

MojtTATT, A. C, elected Member, 279.

MoxcEiEFF, R. W., elected Associate Member, 462.

Morton, J. H., elected Graduate, 280.

IMuDD, T., Remarks at Institution Dinner, Belfast, 413.

MusGRAVE, J., Remarks at Institution Dinner, Belfast, 413.

Natlor, S., elected Associate, 462.

!New, a. W., elected Associate Member, 279.

Newell, E., elected Associate Member, 279.
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O'Brien, B. T., Kemarks on Belfast Electric Lighting, 331.

Parkek, J., elected Associate Member, 462.

Patchell, W. H., elected Member, 279.

Pendred, L. St. L., elected Associate Member, 4G2.

PiRRiE, J. B., Eemarks on Flax Dressing Machinery, 298.

PiRRiE, "W. J., Lord Mayor, Welcome to Members at Summer Meeting, Belfast,

271.—Kemarks at Institution Dinner, Belfast, 40G.

Pollard, F. J., elected Associate Member, 279.

Printing "Works in Belfast, 436, 453, 455.

Queen's College, Belfast, 410-13.

Eailytays, Irish, 415-17.

EiCHARDS, E. W., Reply to welcome at Summer Meeting, Belfast, 277.

—

Acknowledgment of vote of thanks, 282.—Eemarks on Flax Dressiig

Machinery, 303 :—on Belfast Electric lighting, 342 :—on Marine

Corrosion, 352, 354 :—on Eope Driving, 378 :—on Alumina Factory,

389:—on Belfast Gas Works, 401 :— at Institution Dinner, Belfast, 405,

406, 418 :—on Value of Steam-Jacket, 500 :—on Heat Transmission,

533 :—on Steam-Engino Breakdowns, 580, 592.

Eiches, T. H., Eemarks on Belfast Electric Lighting, 338.

Exeter, E. H., elected Associate Member, 279.

Eope Driving, Paper on the introduction and development of Eope Driving, by

A. Combe, 355.—Introduction of rope driving, 355.—Angle for rope

grooves, 356.—Material of ropes ; relative diameters of ropes and pulleys,

356.—Power transmitted ; speed of ropes, 357.—Extended form of

rope-driving ; cotton ropes ; shafts not parallel, 358.—Endless rope for

close shafts ; rope fly-wheels, 359.—Crossed and half-crossed ropes, 360.

—Endless rope with loose guide-pulleys; endless rope driving several

pulleys; substitution of ropes for geared wheels, and relative power

absorbed, 361.

Discussion.—Head, J., Diameter of sheaves, 3G2 ; splicing ; endless

ropes, 363; wear of rope and speed ; manila and cotton for ropes; half-

cross drives, 364.—Walker, A. T., Double rope for travelling cranes, 365 ;

splicing and speed, 366.—Dobson, B. A., Early rope-driving, 366 ; relative

diameters of ropes and pulleys, 367.—Longridge, ]M., Speed of shafts in

cotton mills ; size and life of ropes, 368.—Barbour, J, D., Speed of ropes

;

power absorbed in transmission, 369.—Wicksteed, J. H., Expanding-

pulley, 370.—Saxon, A., Barring engine, 370 ; friction from counter

rope-driving ; gearing and rope-driving, 371.—Smith, W. F., Size of

pulleys and ropes for durability, 371.—Saxon, G., Three-strand and four-
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strand ropes, 372.—IMcLaren, H., Kope driving for steam ploughing, 373.

—Donkin, B., Steel-wire ropes, 373.
—

"Wise, W. L., Introduction of rope

driving, dli.—Goodman, J., Factor of safety for rope driving, 374.

—

Wilson, A. B., Experiments with different kinds of ropes, 374 ; laying of

strands, 375; relative diameters of ropes and pulleys, 370.—Cou- rope of

cocoa-nut fibre, 376.—Combe, A., Minimum diameters of pulleys ; half-

cross drives, 37G ; margin of safety ; barring engine ; direction of running

in driving by ropes, 377 ; power transmitted ; splicing, 378.—Elsworthj-,

E. H., Cocoa-nut fibre for ropes, 378.—Halpin, D., Loss of power in

transmission, 378.

HoPEWOEK, Belfast, 4:37.

HosEVERE, G. K., elected Graduate, 280.

3Ross AND Sons, Aerated and Mineral Water Manufactory, Belfast, 454.

HoTHERY, W. B., elected Associate Member, 462.

JtOTHSCHiLD, L. v., elected Graduate, 280.

liouNTHWAiTE, H. M., Remarks on Value of Steam-Jacket, 491 :—on Steam-

Engine Breakdowns, 585.

Ruffle, F. F., elected Associate Member, 280.

Saxgster, C, elected Associate Member, 280.

Sangster, W. S., elected Associate, 462.

Sankey, Capt. H. R., Remarks on Steam-Engine Breakdowns, 575.

Saxon, A., Remarks on Rope Driving, 370 :—on Steam-Engine Breakdowns,

578, 580.

Saxon, 6., Remarks on Rope Driving, 372.

ScHONHEYDER, W., Remarks on Value of Steam-Jacket, 490 :—on Steam-Engine

Breakdowns, 582.

Scutching Flax, 283. See Flax Dressing Machinery.

Secretary, Illness, 278.

Segtjndo, E. C. de, Remarks on Value of Steam-Jacket, 493.

Sexnett, A. R., elected Member, 462.

Sewage Pumping Stations, Belfast, 430.

Shipbuildixg Works, Belfast, 447, 456.

Smith, M. H., Remarks on Steam-Engine Breakdowns, 580.

Smith, R. T., elected Member, 462.

Smith, W. F., Remarks on Rope Driving, 371.

Spenceb, C. J., elected Member, 462.

Spring, F. J. E., C.I.E., elected Member, 279.

Steam-Engine Breakdowns, Pajjer on Breakdowns of Stationary Steam-

Engines, by M. Longridge, 536.—Classification and analysis of one

thousand breakdowns of factory engines, 537.—Breakdowns originating

in valves and valve gear, 538 ; spur gearing, 540 ; air-pump motions,
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546 ; air-pump buckets and valves, 550; columns, entablatures, bedplates

and pedestals, 552; main shafts, 555; connecting rods, 560; cylinders

and valve-chests, 561 ; parallel motions, 562 ; governors and' governor

gear ; piston-rods, 563 ; piston-rod cross-heads, 565 ; pistons, 566 ;

McNaught and main links ; fly-wheels, 568 ; air-pumps and condensers,

569 ; cranks ; gudgeons in beams, 570 ; crank-pins, 571 ; beams, 573

;

slide-bars ; ropes, 575.

Discussion.—Longridge, M., Exhibited specimens of parts which had

caused breakdowns, 575.—Sankey, Capt. H. R., Fatigue of metals and

eflfects of varying stresses, 575 ; "Wohler's experiments on safe stress, 576

;

complete breakdown of engine, 577 ; elasticity of materials, 578.

—

Saxon, A., Eepairs of breakdowns, 578 ; lubrication ; steel gearing for

rope-driving ; fly-wheels ; pitch of teeth in pinion, 579.—Richards, E. W.,

Size of pinion, 580.—Saxon, A., Air-pump buckets, 580.—Smith, M. H.,

Keys and key-ways, 580.—Schonheyder, W., Keys, 582.—Beare, T. H.,

Repeated stresses, 582; fracture of cast-iron beam, 583.—Longridge, M.,

Cracks in beam, 584.—Beare, T. H., Limit of elasticity, 584.

—

Rounthwaite, H. M., Design of engines, 585.—Joy, B. H., Breakdown

of valves and valve gears, 585; air-pump buckets; slide-bars, 586.

—

Barker, A. H., Breakdowns of marine engines, 586.—Day, C, Corliss

valve-gear ; steel spur-gearing, 587 ; air-pump buckets
;
groove in main

shaft ; governors, 588 ; cotters or nuts for pistons ; mild steel for cranks,

589.—Longridge, M., Fatigue of metals, 589 ; effect of repeated stresses ;

steel gearing for rope- driving ; pitch of teeth, 590 ; speed of wheels

;

long-stroke horizontal engines ; Corliss valve-gear, 591 ; governors ; slide-

bars; pistons; cranks, 592.—Richards, E. W., Specimens exhibited, and

compilation of paper, 592.—Hudson, J. G., Breakdowns in old-fashioned

engines ; adoption of steel, 593 ; transverse strains, vibration, overhang,

594.
—

"Woodhouse and Mitchell, Piston bolts, 594.—Longridge, M., Class

of engines ; main shafts ; piston bolts, 595.

Steam-Jacket, Experiment on a Locomotive Engine, Paper by T. H. Beare and

B. Donkin, 466. See Value of Steam-jacket.

Stelfos, J., Paper on the Belfast Gas Works, 390.

Stiff, "W. C, Memoir, 601.

Stirling, P., elected Member, 279.

SfMMER Meeting, 1896, Belfast, 271. See Belfast Summer Meeting.

Setheelaxd, J., elected Associate Member, 280.

—

Paper on the Alumina

Factory at Lame Harbour, 380.—Remarks on ditto, 388.

Swallow, J., elected Associate Member, 462.

Taylor, W. I., elected Member, 279.

Thompson, T., elected Associitte Meinber, 280.
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TiCKNEB, E., elected Member, 462.

TRAXSMissioy OF Heat from Surface Condensation through Metal Cylinders,

501. See Heat Transmission.

Turner, J. "W., elected Associate Member, 462.

Ulster Spinning Co., Falls Mills, Belfast, 454.

Value of STEAii-JACKET, Paper] upon Experiment on a Locomotive Engine,

by T. H. Beare and B. Donkin, 466.—Object of experiment, 466.

—

Description of engine, 467 ; and of trials ; observations ; coal, 468,

—

Furnace gases and temperatures, 469.—Feed-water, steam-jacket water,

470.—Times, pressui'es, &c. ; indicator diagrams, 471.—General results,

472.—Tables of engine dimensions, 473; boiler results, 474-5; engine

results, 476-7; and details of trials, 478-481.—Appendix, testing of

Boyer speed recorder, 482.

Discussion.—Aspiuall, J. A. F., Difficulties attending trials ; coa

consumption, 483 ; measurement of feed-water ; speed recorder, 484 ;

indicator diagrams; steam-jacket economy, 485.— Joy, D., Steam-

jacketing of marine engines, 485.—Johnson, S. W., Value of steam-

jacket on locomotive engine, 486.—Longridge, M., Conclusions to be

drawn from trials, 480 ; evaporation per pound of coal, 487 ; heat units

per poimd of coal ; superheater in smoke-box, 488.—Aspiuall, J. A. F.,

Temperature of smoke-box, 488.—Johnson, S. W., Superheated steam

in locomotives, 488 ; difference in water consumption by priming, 489.

—

Halpin, D., Kate of evaporation in locomotives; need of time for

transference of heat, 489 ; high consumption of steam from priming

;

length of indicator pipes, 490.—Schonheyder, W., Area of jacketed

surface, 490; measurement of feed-water, 491.—Rounthwaite, H. M,,

Temperature of external air; cylinder liner, 491.—Jenkins, C. F., Feed-

water consumption, 492.—Beaumont, W. "W., Coal consumption ; errors of

indicators, 492 ; high piston-speed with steam-jackets, 493.—Seguudo,

E. C. de, Indicator diagrams, 493.—Beare, T. H., Difficulties attending

trials, 494; measurement of feed-water ; condition of fires and consumption

of coal, 495 ; counters ; errors in indicators ; high evaporation, 496

;

weather, 497.—Donkin, B., Proportion of internal surface exposed to

steam-jackets, 497 ; French experiments, 498 ; priming ; evaporation

;

measurement of feed-water, jacketing with hot gases ; indicator pipes,

499.—Eichards, E. W., Small economy obtained ; vote of thanks, 500.

Vernon, W. H., elected Associate Member, 280.

Votes of Thanks, at Summer Meeting, Belfast, 281 :—to Institution of Civil

Engineers, 465.
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Walker, A. T., Kemarks on Rope Driving, 36n.

Walker, C. B., elected Graduate, 280.

Walker, M. H., Remarks on Flax Dressing Machinery, 29G.

Walker, W. G., Remarks on Heat Transmission, 527.

Ward and Co., Royal Ulster Printing Works, Belfast, 455.

Water Gae^, 39G. See Belfast Gas Works.

West, H. H., Remarks on Marine Corrosion, 35u, 352.

Whisky Distillery, Belfast, -l-ii.

WicKSTEED, J. H., Remarks on Belfast Electric Lighting, 335:—on Rope

Driving, 370 :—at Institution Dinner, Belfast, 410.

Williams, L. W., elected Graduate, 463.

Wilson, A. B., Remarks on Rope Driving, 374.

Wilson, W. H., Welcome to Members at Summer Meeting, Belfast, 274.

WiNLAW, W. W., elected Graduate, 463.

Winston, H. H., elected Associate Member, 280.

Wise, W. L., Remarks on Rope Driving, 374.

WooDHOusE AND MiTCHELL. Remarks on Steam-Engine Breakdowns, 594

.

Workman, Clark and Co., Shipbuilding and Engineering Works, Belfast, 456

.

Works visited at Summer Meeting, Belfast, and district, 402-3, 420-459.

York Street Flax Spinnixg and Weaving Works, Belfast, 457.
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McLcrt Shafts, 37 Fracittred irv JVecA-. TcUtl-e 9.
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STEAM-ENGINE BREAKDOWNS. PlaielZJ.

Main Shaft h^cu^tured in Body.

Mechanic<tV En^trveers 1896.
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Main S'ha/t W /rnchti-ed hv (h-oox-iruf.
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Fi^iorv -Reds, 15 broken, at cotter hole in cross -heady end. TaMe 14.
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STEAM-ENGINE BREAKDOWNS. Flate 130.

Pvstorv-rocf Cross - hyecccU. Tabic 16.

"^^
„ ,{i»"u

Fig-.74<.

Fig. 75.

Flo-. 76.

FLcr.77.

^^-^
m! \'m.

Ficr.78,

yiechxinccal' Engineers 1836. Scale Vl2^





STEAM-ENGINE BREAKDOWNS. Plaie 131.

Piston-rod Cros^ - h cads. TahLe 16.

Fitr. 80. Fio". 81.

a

Fiff. 82.

(1:13

Fig-. 83.

MecharvCcal Jin^ifveers 1896 SiMle VlZ*^





STEAM-ENGINE BREAKDOWNS. PZ«/^ /J^.

Piston-rod Cross - he.a^s. Tabl4! IS.

%s^
Fitf. 84-.

c

^
Fio-. 86.

Fiff. 85.

Fig. 87.

Fi«-. 88.

MechcLru'caL H/i^cneers 1836. ScaU Vn*^





STEAM-ENGINE BREAKDOWNS. FlcUe 133.

CrauTvky- Tins. Tcvhie. 18.

F;cr.89. Fig-. 97.

WW//M. ^ Fig. 90.

VM/M^}
=_=_ ^

Fip-. 98.

Fig. 91.

Ficr.92.

Jfr4jh,cuitca/ Erujine^'r,'' I8f)6. Scale yi2^





STEAM-ENGINE BREAKDOWNS. Fl<xle J34^.

Guxtgeons uv Beccrrvs

.

Fig-. 101. Pig;. 102.

Mech<jjiTc<^ J'ln^tln.eer\5 /S'S6





STEAM-ENGINE BREAKDOWNS. PUu B5.
Fig". 105. Curve of Co^ffidenit.- fat- Safe Stress,

plol^e^cL frorrv W^ci}vler s e-.-xj)e^r-Om^nts

.

i-u /
0-8 /

y
0-6 y

1
/

0-4 y'^
0-2

X^
on yy
0-2

^

fr* y
/
/

0-6 /
/
/

0-8
^"
/

1-n / Co effi cterrJ>

10

0-8

0-6

0-2

-0=0-

S

-0-2

-0*

-0-6

-0-8

0-3 0'4- 0-5 06 0-7 0-8 0-9 10
-10 S<

Fio: 106.

^fecJiarii^al Engineers 18'JG







*v



TJ

1

U
1896
pt.3-i;

Institution of Mechanical

Engineers, London
Proceedings

j^iJMliiil

Engineering PLEASE DO NOT REMOVE

CARDS OR SLIPS FROM THIS POCKET

UNIVERSITY OF TORONTO LIBRARY

ENGIN STORAOt m




